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Impact! 


October 1956 Volume 3 Number 10 


€ An essential element in business operation is an awareness of trends and shifts in the 
market and industry. In the instrument field it has been difficult for those concerned 
with applying equipment in processing and production to detect the general pulse of 
top management across the country. ‘The manufacturers of instruments and control 
equipment have the difficult problem of gaging markets and trends in equipment types. 
These problems are the logical result of the rapid growth and expansion of this field 
during the last ten years. 


For the first time in several years there is an indication of things to come for those 
who read the signs and avail themselves of the opportunities. The //th Annual ISA 
Instrument-Automation Conference and Exhibit provided the most signficant and 
positive signs of the future for the instrument industry of any event in recent years. 


© The tremendous impact and scope of this mammoth conference and exhibit at the 
New York Coliseum last month points to advances that are almost beyond compre- 
hension. For both the user and manufacturer of instruments and control equipment 
it provided clues to a new concept of industrial instrumentation that promises to 
vitally affect all concerned. 


€ The key to the trend is complete system engineering. Pushed by larger companies 
who have had the foresight, manpower and money to stick with a research and devel- 
opment program, the trend seems to be set in a direction in which measurement and 
control engineering is a dominant factor in plant and system design. It appears that 
those manufacturers who offer a complete line of equipment will be major contractors 
for control, with one-product companies playing sub-contractor roles to supply com- 
ponents and accessories in a packaged project. 


! Destined to a minor occurrence is the practice of the user buying a hundred different 
items from as many companies to equip his plant and process. The day is fast ap- 
proaching when equipment and processing units will be supplied complete with 
instruments and controls engineered to the buyers’ specifications. “This philosophy 
seems to be embraced by both users and manufacturers. 


€ A tour of the more than 425 exhibits at the //th Annual ISA Show revealed a 
degree of big business maturity by many manufacturers. While a substantial num- 
ber of companies seem to be probing for their place in the market, others appear to 
have set their sights on a rather definite marketing program in line with the more 
progressive automatic control practices of users. 


© The general impression from the exhibit was an almost explosive interest and profes- 
sional desire to learn more about instruments and control equipment. This impres- 
sion takes on increased significance considering the high caliber of personnel with 
buying and design responsibilities who visited the show. Added to the professional 
instrument people were new faces from finance, marketing, government, and top 
echelons of big business. 


¢ There's little doubt that instrumentation and automatic control will make its biggest 
gains yet during 1957. 


Chee a G 


Editor 
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* Effect of Automation on Society 


& Labor Views, by George Meany, President, AF of L & CIO 


ORGANIZED LABOR is not afraid of the new techno- 
logical development called Automation. Indeed, organized 
labor welcomes automation. 

It offers the promise of improved living conditions and 
greater leisure for all, increased national strength and 
more pleasant working conditions. It promises the elimi- 
nation of most routine and repetitive jobs. 

These long-run benefits, however, will be attained only 
after the machines and changes in work-flow have been in- 
troduced and are working at high efficiency. That will re- 
quire adjustments—social and economic adjustments, as 
well as those of a technical nature. 

All too often we tend to forget the human and moral 
aspects of technological progress. The human aspects of 
changes in machines and productive processes, however, 
are of greater importance than the engineering develop- 
ments, regardless of how startling they may be. 

When new machines and production techniques are taken 
out of the laboratories and are used in the production of 
goods and services, they affect human beings. They have 
a bearing on jobs, wages, working conditions, the volume 
of goods produced, and on various other aspects of our 
economy and society. 

Even the introduction of new conventional types of ma- 
chinery frequently displaces labor, increases productivity, 
and makes necessary changes in skills, job content and 
wage structures. The number of people involved may be 
small, but, nevertheless, the impact is real for the people 
directly affected. Furthermore, many of us are old enough 
to remember the spread of mass production technology in 
the 1920’s, the failure of the economy to adjust to the new 
production techniques and the great depression that fol- 
lowed. 

Automation is a more radical departure from previous 
production processes than mass production was in its day. 
Its potential uses, I am told, are much more widespread. 

There are pitfalls, as well as promises, in the new tech- 
nology. 

A possibility that cannot be ignored is the displacement 
of a large number of workers from their jobs, or a failure of 
the economy to provide sufficient job opportunities for the 
increasing number of young people who will be entering 
the labor market in the years ahead. This eventually de- 
pends largely on the speed with which automation spreads 
and on whether the economy will be able to expand fast 
enough to maintain high levels of employment. 

Automation will increase productivity considerably. Our 
economy will improve its ability to produce a rising volume 
of goods and services. Will there be customers, however, 
with large enough incomes, savings and credit, to pay for 
the goods that will be potentially available? 

Many engineers, I am told, believe that it is better to 
build a new “automated” plant than to renovate an old one. 
Will this process speed up the trend toward industrial mi- 
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gration, leaving old communities without job opportunitig 
for their breadwinners? 

These are only a few of the possible national problem 
that may arise. Collective bargaining can help to golyp 
some of them. Substantial wage increases, a shorter wor 
week, guaranteed wage plans and improved fringe bene 
fits can bring a share of the fruits of automation to th 
working people. They can provide part of the basis fo 
growing consumer markets and an expanding economy, 
especially if prices are reduced, wherever possible. 

Government, too, must be prepared to assist in providing 
measures to minimize social and economic dislocations 
Full employment policies should be followed, as required 
by the Employment Act of 1946. The unemployment insu. 
ance system, which has long needed to be brought up to 
date, must be improved to increase both the amount an 
duration of unemployment compensation payments. The 
social security system must likewise be improved to pmo 
vide increased benefits for retired workers and earlier rm 
tirement provisions so that older workers who cannot at 
just to the new technology may retire with some incomes 
to maintain themselves. Areas of chronic economic dis 
tress, created by declining industrial migration, must lk 
assisted by the federal government. The nation’s educe 
tional system will have to provide the facilities and instru 
tors for a vast program of re-training workers for jobs it 
“automated” firms and of training young people in the new 
technology. 

The possibility of labor displacement in a company cal 
be eased by joint consultation between the managemell 
and the union—to plan for the introduction of new equip 
ment in periods of high employment, to plan for the r 
training of employees, to minimize the job and income 
losses of the workers. Good faith between managemell 
and unions, however, will be required to achieve this im 
portant goal of easing the adjustment of the new tech 
nology. 

Unions are studying the effects of autome-tion in theif 
own industrial jurisdictions. Union staffs aud technical 
consultants are working with union officials and negotiat 
ing committees in developing possible solutions to tht 
problems that are raised by automation. 

There is no machine, automatic or otherwise, that cal 
produce customers for an expanding economy. Nor af 
there self-correcting machines that will automatically pr 
vide jobs for a growing labor force. And there is no me 
chanical device that will automatically train a technicallF 
skilled work force or spread the benefits of automation @ 
all groups in society. 

It is not characteristic of the trade union movement 
sit back and let the future take care of itself. If the at 
justments are to be made, they will take foresight, plat 
ning and cooperation between business, labor and goverh 
ment. 


ISA Jowewh 














tunities 


"Oblems 
O s0lve 
r work 
2 bene 


Sis for 
onomy, 


viding 
ations, 
quired 


up to 
nt and 


tO pro 
ier re 
10t ad- 


ust be 
educa- 
istrue 
obs in 
e new 


Ly cal 
ement 
equip 
he re 
ncome 
pment 


comes 
ic «| 









Based on articles appearing in the 
Oak Ridge Recorder, June 1956 


i: Management Views, by Cola G. Parker, President, National Association of Mfg. 


THERE Is NO BETTF® DESCRIPTION of a machine 
than the one Henry Ward Beecher gave about a century 
ago. 
oa tool,” he said, “is but the extension of a man’s hand, 
and a machine is but a complex tool. And he that invents 
a machine augments the power of a man and the well-being 
of mankind.” 

To this declaration I heartily subscribe. because the bene- 
fits from the machine are not only provable facts, they have 
indeed been fundamental to the growth and development 
of the United States. And we shall continue to become 
more aware of the effect of the machine as we go on mak- 
ing increasingly productive use of the new concept of the 
machine commonly called automation. 

Automation has been variously defined since it first be- 
came a part of our language almost ten years ago, but the 
consensus seems to be that the term is applicable to the 
entire technology of control and communication. There 
are two major divisions or phases of this technology: first, 
the manufacturing process in which automation means the 
automatic handling of parts between successive stages of 
production, or the control of machines by other machines 
in a continuous and integrated manufacturing operation; 
and secondly, the so-called “giant brain” processes through 
which vast amounts of information are stored and held 
available and tremendous computations are made by ma- 
chine. 

In determining the effect automation will have on society 
we must consider the unreasoning fear men have always 
had of what might be called “technological unemployment.” 
As a general rule the working man has always hated to 
see change in the established order of things. Hundreds 
of years ago the quill penmen of Paris revolted against the 
introduction of printing machinery, and when, in 1661, a 
loom weaving four to six webs at once was set up in Dan- 
zig, the workers seized the inventor and doused him in a 
nearby creek. 

After inventing the flying shuttle, John Kay had to flee 
England in 1773. James Hargreaves thought discretion the 
better part of valor after inventing the spinning jenny. He 
went into hiding, as did Samuel Crompton, the inventor of 
the spinning mule. As recently as the 1930s we have a 
United States Senator exclaiming: “Science and invention 
are to blame for the present unemployment in America.” 

Nothing could be farther from the truth. Science and in- 
veation have made possible our industrial progress. Hand 
methods of producing steel never would have gotten us oui 
of the horse and buggy age. We would never have had 
our acres of automobile factories, our modern oil refineries, 
our multitudes of garages and service stations, our modern 
roads and the hundreds of thousands of roadside busi- 
hesses, and the great recreational centers the automobile 
has opened to millions of our citizens. 

Not too many months ago a survey showed that in 15 
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years the number of auto workers has doubled. General 
Motors alone employs more men than worked in the entire 
automobile industry in 1939. 

Destroy jobs? Machines make jobs. They always have. 
In 1951, the late Philip Murray, then president of the CIO, 
said: “I do not know of a single, solitary instance where 
a great technological gain has taken place in the United 
States of America that it has actually thrown people out 
of work. I do not know of it, I am not aware of it, because 
the industrial revolution that has taken place in the United 
States in the past 25 years has brought into the employ- 
ment field an additional 20 million people.” 

In different language, that nevertheless voiced the same 
thought, Benjamin F. Fairless of U. S. Steel said last year: 
“Over the centuries man has accomplished an amazing in- 
dustrial miracle. He has surrounded himself with luxuries, 
and greatly lengthened his hours of leisure; but no ma- 
chine that he ever devised has made us humans obsolete.” 

Whet effect will automation have on jobs? An NAM 
study estimates that industries most likely to be automated 
account for only eight per cent of the labor force, and in- 
dicates that not more than half of those employed in such 
industries would be displaced over the next twenty years. 

It might appear at first sight that even this gradual ef- 
fect of automation could mean hardship to individuals, even 
though a greater total of jobs is the result. Shifts from 
one type of job to another there would be, but the facts 
indicate they would not be numerous or widespread. 

The figures suggest that about two and a half million 
jobs would be affected by automation over the twenty year 
period. That much of a shift was accomplished, with little 
difficulty, in the four years after the production peak of 
World War II. 

As a matter of fact, the influence of automation will be 
negligible as compared with the voluntary shifts that go 
on continually in the labor force. In manufacturing the 
number of those who quit their jobs each month runs at 
more than two per cent of the labor force. Over a year 
those who quit constitute about one-quarter of the total 
number of workers. Millions of persons enter the labor 
force each month. Other millions leave it. Still others 
make some change in their status. Altogether, more than 
eight million changes occur each month. 

With individuals circulating through the economy this 
way—even as blood circulates through the human body, 
constantly revitalizing and renewing the tissues—it can be 
seen that the changes resulting from automation are neg- 
ligible and far outweighed by the advantages that will ac- 
crue to the whole of America as the result of increased 
productivity. More goods made for more people by fewer 
workers is the necessary order of things in the future 
when, because of our higher birth rate and the prolongation 
of human life, a correspondingly smaller number of men and 
women are doing the essential work of the world. 
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INSTRUMENTATION 


in Scientific Research 


THERE ARE A NUMBER of significant relationships be- 
tween the field of instrumentation, considered as a branch 
of science and technology in its own right, and the general 
process of scientific research. These relationships often 
tend to be overlooked in the rapid growth of this expandinz 
field. Most of us have our own preoccupations with physi- 
cal devices specific to our field of specialization, and we 
seldom find time to consider the importance of these gen- 
eralized relationships. Therefore, it seems appropriate to 
discuss, briefly, some aspects of the role of instrumentation 
in scientific research, particularly those of special im- 
portance in a large and coordinated program such as the 
IGY. 

Instrumentation has become a recognized branch of 
science and technology not merely because of the vastly 
increased number of instruments and their multiplied ap- 
plications in science, industry and military technology, but 
because of these underlying and unifying relationships. 
This is to say that instrumentation is more than just a 
totality of measuring instruments. It involves systems and 
methods of use, the theory of response characteristics of 
physical systems, the theoretical and practical study of the 
generation and handling of signals, the concept of feed- 
back, automatic control, automatic data processing and other 
functions. In broad and general terms, instrumentation is 
the science and art of providing devices and techniques for 
physical measurements and for processing the results 
thereof. 

Instrumentation is clearly fundamental to the process 
of physical measurement and hence to observation and ex- 
perimentation. But observation and experimentation in 
science often start a cycle of further observation and ex- 
perimentation. Dr. James B. Conant has pointed out that 
science differs from other progressive activities of man “to 
the extent that new concepts arise from experiments and 
observations, and the new concepts in turn lead to further 
experiments and observations.” This regenerative nature 
of scientific research revolves around the continual refine- 
ment and extension of the methods and devices for experi- 
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by A. V. Astin and W. A. Wildhack 
National Bureau of Standards 
Washington, D. ¢. 


menting and observing. An instrument of increased a 
curacy, or a new method of using an instrument to reduce 
systematic errors, can give rise to new concepts. Likewise, 
completely new instruments or instrument techniques cai 
generate revolutionary concepts. In turn, the new concepts 
continually create demands for new or improved instr 
ments and techniques. The process is reciprocal and e& 
ergizing. 

Another element in the progress of science is the e& 
change of information and ideas among scientists. If the 
results of one scientist’s experiments and observations arf 
to have meaning and usefulness to others, they must hk 
expressed in terms of units and standards which hav 
general acceptance. National and international standaré 
izing laboratories provide the basic cornerstone for this 
requirement, but carefully calibrated instruments, com 
pared through well-defined chains to national standards, 
make it possible for all scientists to express their results 
with common meaning in a universal language. 

This relationship highlights the great interest of the it 
stitution with which the authors are associated—the Ne 
tional Bureau of Standards—in the subject of instrument® 
tion. 

The world-wide and multi-national aspects of the IG! 
program accentuate the dependence on interchangeability 
of information. It is gratifying to note that many of the 
technical panels have initiated steps to insure standardi 
tion of the instruments and the techniques they plan # 
use. In the cosmic ray work, for example, agreements have 
been reached on standardized measuring apparatus for two 
ground station instruments—a standard counter telescope 
and a standard neutron monitor pile. In the radio nist 
work a standardized receiver has been agreed upon; @ 





fact, the majority of the receivers in a world-wide network 
will be made and calibrated at one location. The contribt 
tion of instrumentation in providing the common language 
of measurement, through calibration and standardizatiol 
in scientific research is the second aspect which is worth 
emphasizing. 
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5. Research in instrumentation for its own sake heads to new ap- 
plications in many fields. 


6. Instruments enhance the productivity of scientists and engi- 
neers to help alleviate scientific manpower shortage. 


This paper is based on the presentation by the authors at the open- 
ing session of ISA-IGY-ARS Symposium on Instrumentation in the In- 
ternational Geophysical Year at the //th Annual ISA Instrument-Auto- 
mation Conference and Exhibit, New York, Sept. 17-21st, 1956. 


Instrumentation is basic to physical measurements and processing of 
data. Involving both equipment and techniques it has become a recog- 
nized branch of science and technology. 
contributions of instrumentation in scientific research. 


1. ‘Regenerative feed back’’ in research measurements provides 
continued refinement in methods and devices. 

2. It has developed as a common denominator between basic sci- 
ences and applied sciences. 

3. Through calibration and standardization it has provided a 
common language of measurement. 


4. More precise measurements with new and improved instruments 
result in significant new discoveries. 


These are typical of the many 








Related to the general subject of scientific exchange we 
find another very important aspect of instrumentation. 
Instrumentation provides a strong link between many fields 
of science. Instrumentation thus bridges the so-called gaps 
between basic science, technology, and invention. In many 
ways instrumentation can be called the great common de- 
nominator of the basic sciences and the applied sciences. 
Instruments for physical measurement only seldom find a 
single application. The Einthoven string galvanometer, in- 
vented by a medical doctor to study heart action, found 
countless applications in the physical sciences. Devices of 
the physicist for measuring X-ray and radioactivity in- 
tensities are used extensively by medical men. It is 
probably worthwhile to emphasize that it is in the field of 
electronics where we find the greatest impact of this link- 
ing-function of instrumentation. The great versatility of 
electronic techniques in transforming physical stimuli into 
electrical signals, amplifying them, analyzing, recording 
and displaying them has not only provided a major common 
use factor between the experimental sciences but has also 
contributed strongly to the development of instrumentation 
as a science. 

The link of instrumentation between basic and applied 
Science provides a regenerative bilateral relationship 
although we are frequently inclined to emphasize only the 
dependence of technology on basic research. Accordingly, 
it is appropriate to refer briefly to the relationship of in- 
strumentation to technology because advances in the latter 
can affect research programs. The development of tech- 
niques of accurate measurement helped to make possible 
first the industrial revolution and later modern mass pro- 
duction. Throughout the development of technological in- 
dustry there has been a requirement to measure and control 
dimensional and other physical characteristics of products 
with ever increasing accuracy. This makes possible greater 
efficiency in the interchangeability of parts which is the 
characteristic ingredient of mass production. And to 
achieve this objective the measurement techniques of the 
Physical scientists are drawn upon extensively. 
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The reason for pointing to the dependence of technology 
on instrumentation is to emphasize also the influence of 
technology on research. An old example is the steam 
engine. Its construction placed a strain on the measure- 
ment techniques then available for obtaining a satisfactory 
fit between piston and the cylinder wall. Its operational 
availability provided a powerful incentive and tool for the 
thermodynamicists. It has in fact been remarked that up 
until 1850 the steam engine did more for science than 
science did for the steam engine. Now, the advances in our 
machine-tool industry make possible both much more 
efficient steam engines and a multitude of precision in- 
struments which would be impossible or impracticable if 
they had to be fabricated by hand methods. Among other 
possible examples, electronics again is probably one of the 
most striking. The demands of the radio and television 
industry have resulted in the making available of a variety 
of components which are indispensable to the instrument 
industry which, in turn, provides so many of the research 
tools that are used by research scientists. For example, the 
satellite program of the IGY could not be contemplated if 
our technological industry were not at its present high 
state of development. 

Let us consider some more specific ways in which instru- 
mentation influences research programs. One of the most 
far-reaching of instrumentation’s direct effects is in the 
field of precise measurement. Instrumentation research is 
continuously concerned with increasing the accuracy and 
reliability of measurements. This may involve seeking 
more sensitive detectors, a more favorable signal-to-noise 
ratio, or isolation and identification of random or sys- 
tematic sources of error and their elimination, reduction or 
estimation. But whatever the approach, research on the 
devices and techniques of physical measurement must in- 
evitably be concerned with improving the degree of certain- 
ty with which we can determine the properties of things or 
events. 

The history of science is filled with spectacular advances 
brought about by increased precision in measurement tech- 
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niques. In some cases increased accuracy was needed be- 
fore a hypothesis could be confirmed. In others increased 
accuracy produced inconsistencies or paradoxes which re- 
quired the evolution of totally new concepts for their 
resolution. 

Newton, for example, delayed the publication of his 
theory of gravity, according to some authorities, until bet- 
ter geodetic measurements provided a value for the earth’s 
radius which gave reasonably consistent results for his 
hypothesis. One of the most precise measurement pro- 
grams ever undertaken, the Michelson-Morley ether drift 
experiment, gave strong confirmation of a serious dilemma 
which stimulated Einstein’s theory of relativity. 

Advances in techniques for measuring atomic weights 
have gone hand in hand with a long series of basic ad- 
vances in science. The first approximate values for these 
constants provided a basis for the periodic table. Then 
advances in precision led to inconsistencies which were re- 
solved by the isolation and identification of Argon. Further 
advances provided a basis for the concept of isotopes and 
atomic number. Still further advances in atomic weight 
determinations again yielded inconsistencies. These led 
to the concept of the “packing fraction’ which tied to the 
mass-energy equivalence of realtivity theory. This concept 
had striking confirmation with the birth of the atomic age. 

Spectroscopy is another important specialty that demon- 
strates the value of precise instrumentation. Here con- 
tinuing advances in the resolving power and reliability of 
spectroscopic measurements have contributed to a long 
sequence of steps of enlightenment about atomic and nu- 
clear structure and the properties of the electron. 

Such examples could be multiplied many times, but we 
believe these are sufficient to support the thesis that the 
quantitative increases in the accuracy of measurement may 
lead to qualitatively new and larger understanding of ma- 
terial phenomena. Thus’ instrumentation contributes 
strongly to the major goal of science: that of understanding 
our natural world. 

Progress in geophysics has had a long and interesting 
relationship to the development of measuring instruments 
and their methods of use. Frequently the demands of 
geophysics research have led to the evolution of instru- 
ments and instrument techniques that have had far-reach- 
ing impact. Ancient observations on the heavenly bodies 
and on the seasons undoubtedly influenced the development 
of devices to measure distance, angle and time. The in- 
terest in more precise astronomical measurements brought 
on the invention of the telescope and the screw micrometer. 

It is within the last few decades, however, that we have 
witnessed, largely as an aid to geophysical research, the 
development of instrumentation for sounding, or explora- 
tion by agent, where the problems of access prevent the 
scientist from reaching directly the positions where he 
wishes to make observations. This type of exploration or 
research will, of course, be employed extensively during 
the IGY. 

It is natural that instrumentation for remote sounding 
should have been stimulated by the needs of geophysicists 
who are concerned with phenomena not only on the surface 
of the earth but also in the high reaches of the atmosphere, 
the earth’s interior, and the ocean depths. Also the tech- 
niques of sounding are much more adaptable to an observa- 
tional rather than a primarily experimental science. 

The curiosity of geophysical explorers results in consid- 
erable effort to make observations in places not normally 
accessible. Several years ago extensive attention was 
given to carrying scientists and their observational tools 
high into the atmosphere and deep down in the ocean. A 
major part of the IGY program includes moving men, in- 
struments and supplies to the Antarctic and the Arctic, 
but there is no planned parallel to the flight of the Ex- 
plorer II which the National Geographic Society sponsored 
in 1935. Manned balloon flights have been largely replaced 
by modern sounding instruments. 

The extensive variety of sounding instrumentation now 
available provides the major tool for geophysical research. 

Detection instruments, combined with telemetering and 
carried aloft by ballons or rockets, provide most of our in- 
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formation about weather phenomena and cosmic rays 
high altitudes. Pulsed radar techniques provided virtua 
all of our information about the ionosphere, and Sitnily 
techniques are now being applied to weather obse 
Sonic techniques have made possible most of our kno 
of the structure of the ocean floor and have addeg 
portant information about ocean currents. For exp 
the earth’s interiors, shock waves from explosions hay 
been invaluable. 


As yet we have no effective means of exploring 
regions as the Antarctic by the sounding or directeq 
technique. There is, however, a possibility that such 
as radio back scatter, radio ‘“‘whistles,” and television ay 
telemetry from pilotless aircraft or from automatic gy 
tions dropped from aircraft may ultimately Provide ; 
means for regularly continuing observations at Such fy. 
bidding locations from more convenient listening pogts, 


The next major foreseeable advance in this area js g 
course instrumentation for the earth satellite. The sy 
cess of the satellite as a research tool is inseparably tied, 
the instruments which go along with it and which » 
associated with it on the ground. The earth satel, 
program exemplifies the basic role of instrumentation § 
research. 

Another example of an area where instrumentation a8 4 
distinct activity has far-reaching effect on research is § 
automatic high-speed computation. This area is of ey 
more recent development than telemetering and the sou 
ing instrumentation field. Modern, high-speed, digital cop 
puting machines had their impetus as an aid to balligty 
problems during World war II. Since the war there hay 
been sweeping developments not only in machine design by 
in techniques for extending their use. 


For the purposes of our discussion, the computer may 
looked at in two ways: first as a complex device which is; 
collection of instruments or instrument systems, and se 
ond as an instrument or tool for research and control. 
the first context, it is apparent that the extension of th 
usefulness of computers depends upon the improvement ¢ 
its components, and the development of more reliable ip 
struments of higher speed to store and process inform 
tion. Here then is a special area of instrumentation whid 
deserves and is receiving increased attention. The problem 
of instrumentation in this area is especially difficult in tha 
advances must be made throughout the computer. I 
creased internal machine speeds, for example, have onlys 
limited advantage if there are no comparable advance 
made in improving input and output devices. 

The second context is more integral to this discussion 
The large, modern computer is, of course, a magnificent it 
strument. It offers to the scientist a means for underta 
ing investigations which were hitherto unavailable to him 
Because of their high speeds, these machines can be used 
solve problems of great complexity. Computers have bea 
applied to problems in quantum mechanics, reaction kine 
ics, analysis of chemical structures and the like. Te 
National Bureau of Standards SEAC, for example, has beet 
used in the solution of a problem on the relative abundant 
of the elements which involved the solution of a twenlf 
seventh-order system of ordinary differential equations f 
lating to the neutron-capture theory of the formation @ 
elements in the universe. Similarly SEAC has been use 
to compute complicated simultaneous nonlinear equation 
necessary for describing shock waves. During the IGY and 
following it, it is to be expected that computers will plaj 
an important part in the analysis and reduction of the 
numerous data which will have been collected. 

These specific areas of instrumentation research that ¥ 
have mentioned serve also to illustrate another importall 
aspect of instrumentation. In varying degrees they demo 
strate that instrumentation development carried on for its 
own sake, or unrelated to specific scientific research objec 
tives, may importantly aid the progress of science. This 
has been particularly true in the field of automatic com 





puters where the major scientific users have had little of 
no connection with machine development. Furthermomt 
machine design and improvement problems have become # 
complex that the people concerned with this work must 
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pecome specialists in this activity. Nonetheless their 
ucts are becoming increasingly useful in extending the 
f basic science. 
Te esd 0 similar but perhaps not so extensive a situa- 
tiyn in geophysical sounding instrumentation. Telemeter- 
ing, for example, has become a complex and well-developed 
specialty. Advances by the experts in this field most cer- 
tainly have extended and will continue to extend the re- 
search capabilities of geophysicists. 

In the area of precise measurement there has perhaps 
been much less specialized instrumentation as such. Usual- 
ly the improvements in accuracy have been made by the 
man with a specific research problem on hand. But for 
this very reason, this may be the area where the opportuni- 
ties are greatest. Surely if we wish to measure the proper- 
ties of materials with greater accuracy, progress will be 
made by developing people interested and skilled in in- 
strument theory. 

Research on basic instrument design and theory has 
much in common with other fields of basic research. In 
fact, it may be one of the most basic fields. Support of 
pasic research is frequently urged because material bene- 
fits frequently accrue. Similarly, we can urge support of 
basic instrumentation because science as well as technology 
will reap the rewards. 

With the increasing dependence of the nation on science 
and technology and the increased realization of the de- 
pendence of these on instrumentation, it is natural that all 
of us should be concerned with the development and train- 
ing of individuals who are specialists in the creation of 





new instrument techniques and in the design and operation 
of instruments. It can hardly be expected that each and 
every scientist should be an expert in his own field and an 
expert in instrumentation as well. While every scientist 
should have a good working knowledge of the special in- 
strumentation in his field, this is not enough when border- 
line or broad scope investigations are undertaken. Par- 
ticularly in large scale programs, where the efforts of many 
persons are involved, as in IGY research or guided missile 
development, it is highly desirable to have the advice and 
counsel of specialists in the science of instrumentation. In 
view of the fact that there is a general shortage of scien- 
tists and engineers, the growing need for instrumentation 
experts deserves special consideration. 

The educational activities of the Instrument Society of 
America and the increasing number of universities now 
offering specialized courses or curricula in instrumentation, 
are encouraging evidence that this acute shortage of spe- 
cialists may be somewhat alleviated, although the demands 
in this field will probably exceed the supply for many years. 

Some alleviation of the general shortage can also be 
obtained, through increased utilization of instrumentation. 
As more and better instruments are made available in the 
laboratory, and as greater use is made of computers, auto- 
matic data reduction, and control devices, then it is cer- 
tainly possible that scientific productivity can be increased. 

As this trend accelerates, the role of instrumentation in 
the laboratory may be quite as significant for scientific 
progress as its role in the automated factory promises to be 
for industrial productivity. 
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A report of use of frequency response on an operating plant asq 
for achieving better automatic control. With proper equipment and 
level of disturbance it is possible to obtain accurate experimental dap 
an operating process. Approximate linearized methods of calcula 
the transfer function from steady-state process data yields figures 
moderately good agreement with measured time constants. Ho 
more work appears to be necessary before these methods can be apy 
with confidence. An extremely high quality of temperature control 
achieved with electronic controls installed. 


Frequency Response Analysis 


et itt tn 


of a Fractionating Column’ 


Introduction by A. R. Aikman 

THE SCHLUMBERGER Well Surveying Corporation, in Schlumberger Well Surveying Corp. 
1955, entered into a program of research on the determina- , ie] ‘ a 
tion of certain process transfer functions by alternative Ridgefield, Connecticut 


methods. By the courtesy of Rock Island Refining Corp. 
and Universal Oil Products, a fractionating column at the 
plant of the former company was made available for test. 
This paper describes the equipment used, operating ex- 
periences, the frequency response data obtained from the 





column, and the character of temperature control achieved displaced in phase 58%° from the supply voltage. The 
with the electronic instrumentation employed. standard receiving instruments (recorder and/or control 
ler) in this system have an input impedance of several 
megohms. 3 
Amplifying and Recording Equipment A set of amplifiers was designed to match the con 
Since this refinery unit (a U.O.P. “Platformer”) is elec- instrument to the recorder characteristics, Figure 1. 
tronically controlled, it was not necessary to use any pneu- transmitted a-c voltage was picked up by an audio rd 
matic/electric transducers. The basic recorder for the transformer of high input impedance. Since very smal 
experimental work was a standard 4-channel Sanborn in- amplitudes of signal variation were expected, the large 
strument. part of the transformer output signal was bucked out if 
In the particular electronic control system used in this resistor network, the bucking voltage being derived fram 
refinery, signals from primary transducer (or transmitter) a phase-advance circuit and an adjustable potentiom 
to panel instruments are carried by an amplitude-modulated The net a-c signal was then amplified, rectified, and applet) 
60 c/s voltage with a maximum value of 0.500 volts rms, to the Sanborn recorder. The maximum signal gain of He) 


equipment was 440, with zero suppression up to SOUR 
- full scale output. This corresponds to a maximum 1 
*Based on a presentation at the Iith Annual ISA _ Instrument-Automation amplification of 580 in terms of cm deflection of Sanbé 
ee es ree ree pw <ounam, ‘Sept. 17-21, I86. recorder per cm deflection of the control-system record 




















TABLE | Plant and Instrumentation 1 
Input Phase Gain 7G . . , . ‘ ' 
Amplitude — Output Gx103 A line diagram of the 20-plate fractionating coli 
Fre- thoes — accessories and instrumentation is shown in Figure™ 
CPM” peasbanehh (peak-peak) The function of this column is to split a gasoline — 
‘ bottom product being then fed to reactors and the 
‘a 4 yy a ri poe product returned to storage. In operation, it is desired 
65 40 0533 355° 1.37 00960 maintain a constant overhead vapor temperature, at @ 
3.86 40 120 242° 3.00 0210 stant pressure, this temperature being so chosen thatt 
2.86 39 20 205° 5.13 0353 top product has the required boiling range. The Vay 
1.85 37 .364 180° 9.84 .0690 temperature is measured by a resistance thermometer 
1.5 39 40 162° 10.3 0721 serted in the vapor pipe a short distance from the top 
0.86 37 .80 131° 21.6 151 the column, and is controlled by manipulation of 
0.565 39 1.60 115° 41.0 .287 reflux rate. . 
ates . =, Te eas yn The principal disturbances likely to enter this tempé 
. ’ : . ture control system are: 
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Figure 1. Electrical signal handling system. 


(1) Changes in feed flow rate. Since this flow is auto- Frequency Response Analysis 
matically controlled, and the column is operated for long 
periods at a steady flow rate, these disturbances are infre- 
quent. When they occur due to change of desired value 
of the feed flow controller, they are step-like in character 
and small in magnitude. 

(2) Changes in feed temperature and reboil rate. The 
level in the column base is controlled manually by occasion- 
al remote manipulation of the valve in the hot gas pipe. 
Since the same gas stream passes through reboiler and feed 
preheater, disturbances in reboil rate and feed temperature 
then occur almost simultaneously. 

(3) Changes in column pressure. This pressure is auto- 
matically ccatrolled and varies very little. 

In normal operation, disturbances were small in magni- 
tude. 

All instrumentation is electronic, with the exception of The signals recorded and subsequently interpreted were 
the level controller on the reflux drum, which is a pneuma- the overhead temperature and the reflux flow rate. The 
tic instrument. analysis was carried out at 11 different frequencies, with 


The sine-wave generator available at the time of the 
experiment was designed for the analysis of pneumatically- 
controlled systems. It is capable of generating (and re- 
cording) oscillations in air pressure in the range 3-15 psi 
over a very wide frequency variation. The amplitude and 
mean of the output are continuously and easily adjustable 
during operation; this is an essential feature of any fre- 
quency-response equipment for process use. 

The generator was connected into the short pneumatic 
line between electropneumatic converter and valve posi- 
tioner by means of the manifold shown in Figure 3. When 
pressures were equalized, the small valves in the manifold 
were manipulated to divert the controller output from the 
control valve, and apply the generator output to the valve. 


Figure 2. Line diagram of fractionating column. 
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Figure 3. Connections for frequency response analysis. 


a constant amplitude applied to the valve, hence variable 
temperature amplitude. The results are summarized in 
Table 1, shown on page 412. 

In Table 1, the values of gain G are the dimensional ratio 
F/% flow; in the last column, they are adjusted by a 
factor equal to the steady-state gain in order to normalize 
them to base unity at zero frequency. A typical frequency- 
response record is shown in Figure 4. 

During the frequency response test, the column operating 
conditions were: 


Feed rate 
Mean reflux flow 680 B/D 
Bottom product flow 2210 B/D 
Pressure 15 psi 
Overhead temperature 206 F 


3750 B/D 


Interpretation of Frequency Response 


It was possible to measure quite accurately the gain and 
phase at temperature amplitudes down to about 0.03 F. 
The full scale range of the panel recorder was 200 F on a 3” 
wide chart. The thickness of the normal ink trace on this 
chart is thus some 20 times the smallest amplitude of 


temperature variation observed in the analysis. It 
experiment had been conducted with a constant and ¢ 
temperature amplitude, varying the input with frequ 
as required, it would have been possible to CONNECE te 
instrumentation, carry out the frequency response analysis 
and return the process to automatic control withoy u 
tracting the attention of the operator. 

The generally low level of process disturbance enabled 
such extremely small amplitudes of oscillation to be 
In more “noisy” processes, larger amplitudes Would jy 
necessary unless techniques of correlation analysis Wen 
applied to the data.'* 

Values of normalized gain, and phase, are plotted 4 
Figure 5. By inspection, the equivalent time-constanfs 
were estimated to be: 


TC, = 0.83 minutes 
TC, = 0.083 minutes 
Dead Time = 0.075 minutes 


The curves drawn in Figure 5 were calculated frp 
these time-constants; the spread of the experimental Doints 
over this frequency range does not justify the deduetig 
of more than two equivalent time-constants. 

The section of the control loop analyzed in this way jp 
cludes: 


(1) The flow transmitter, whose frequency response wa 
shown by Eckman®* to be flat to a frequency of} 
cps; therefore, it makes an insignificant contributig 
to the system frequency response over the frequeng 
range used. 

(2) The column. 

(3) The resistance thermometer. 


The contro! valve, positioner and electropneumatic op 
verter are excluded, although they are active component 
of the control loop, but they would make no significant cop 
tribution to the dynamics of the system up to frequencies 
of at least 10 cpm. 

Most of the dead time may be ascribed with confidene 
to the transportation lag of vapor from the top tray to th 
thermometer. Dividing the vapor volume between top tray 
and thermometer by the flow rate of the vapor gives a 


Figure 4. Frequency response record. 
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or transportation lag about 25% lower than the 
duced from the frequency response. Better agree- 
ment than this is hardly to be expected. 

The minor time-constant is the lag of the thermometer, 
which fits tightly inside the well. The well is exposed on 
the outside to saturated vapor, which, during small oscil- 
jations, will alternatively condense and vaporize on the 
surface of the well. The film coefficient of heat transfer, 
therefore, has a very high value. Published work on lag 
measurements* of similar resistance thermometers in wells 
over a wide range of film coefficients indicates (a) that the 
figure of 0.083 minutes is of the right order of magnitude, 
and (b) that for most practical purposes, this type ther- 
mometer assembly can be treated as a first-order lag at 


jeast to a first approximation. 
The major time-constant is asscciated with the top tray 


re f 
yalue de 


itself. 
If it is assumed that: 
(1) the tray is a perfect mixer with respect to changes 


of reflux flow, ie., that changes of reflux flow affect tem- 
perature in all parts of the tray simultaneously; 

(2) the vapor rate is constant, and vapor always leaves 
the tray in composition equilibrium with the liquid on the 
tray; 

(3) changes in reflux rate are comparatively small so 
that the system can be considered to be linear: it is 
possible to calculate a time-constant for the tray by equat- 
ing the time-constant to the mean residence time of the 
liquid on the tray as originally suggested by Boyd. 

Dividing the total volume of liquid on the tray (21 gal- 
lons) by the estimated total reflux flow (<-20 gpm) gave a 
figure of 1.05 min for the time-constant, which is 25% 
greater than the measured t’.ae-constant. 

Recent fundamental studies on the dynamics of frac- 
tionating columns’® suggest that the transfer function of a 
tray is not nearly so simple as assumed above. However, 
the near approximation of the calculated to the measured 
time-constant indicates that the assumptions made are 
largely justified for this size and design of column. Furth- 
er experimental evidence would be required before transfer 
functions for other types or sizes of tray could be calculated 
with assurance by the above method. 


Automatic Control 


The electronic controller was set in operation with a re- 
set rate of 4 repeats/min. and a rate time of 0.25 minutes. 
The proportional band was narrowed step-by-step down to 
10%, at which setting the system executed lightly damped 
oscillations after a small disturbance, at a frequency of 
about 3.3 cpm. At this frequency, the phase advance in the 
controller is about 60°. 

These observations are in good agreement with the 
process frequency response. In Figure 5, the dotted lines 
were calculated by Ream’s method* for a subsidence ratio 
(ratio of successive peaks in an oscillation) of e:1. Ata 
process phase lag of 240°, corresponding to a controller 
phase advance of 60°, the system frequency is shown by 
Figure 5 to be 3.0 epm for this amount of damping. For 
no damping, i.e., 1:1 subsidence ratio, the system frequency 
would be 3.6 cpm at the same phase advance. 

A simultaneous record of temperature and reflux rate was 
obtained, extending over 1 hour. A typical sample of rec- 
ord is shown in Figure 6. It was observed that, in any 
given 5-minute period, the measured temperature error did 
not exceed + .035F: the corresponding maximum correc- 
tive action (reflux flow change) was about +2.75% of mean 
flow. The dominant frequency of 3.3 cpm can be discerned 
on Figure 6. Because of the significant lag in the ther- 
mometer, which causes some attenuation of the signal, the 
true temperature variations would be double the magnitude 
of the recorded variations. 

The close agreement of observed and calculated closed- 
loop frequency indicates that the system is essentially 
linear, in the dynamic sense, over the range of amplitudes 
used in analysis and on automatic control. 

Time did not permit a conplete investigation of all possi- 
ble disturbances, and their effect on control, to be carried 
out. However, a few step response tests were carried out 
at constant reflux rate, by suddenly changing the hot gas 
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Figure 5. Frequency response of fractioning column. 


valve position and recording the overhead temperature 
transient; the equilibrium change was 10.5F. The approxi- 
mate time-constants were: 


Dead time 0.33 minutes 
Time-Constants 4.2 and 0.8 minutes 


As is usually the case with process step response tests, 
the accuracy of this determination was poor; the dead 
time and time constants are probably only accurate to 
about +30%. The same disturbance applied when on con- 
trol caused a maximum temperature deviation of about 
0.2F. Thus, the potential effect of this disturbance (or 
rather set of disturbances, since reboil rate and feed tem- 
perature are both affected by change in hot gas flow) is 
reduced by the action of the controller by a factor of 
about 50. 

The remarkably close control of temperature in this sys- 
tem can be attributed to a number of factors: 

(1) The favorable process transfer function, with one 
dominant time-constant, small measuring lag and small 
dead-time. 


Figure 6. Operating record from controlled fractioning column. 





OVERHEAD TEM 


we rm’ de ‘ 4 i rm re 4 i mn 

















REFLUX FLOW 
i. A. 


rm 4. i a i. rs 


4 bien 








415 











CONTROLLER 
OUTPUT 





Figure 7. Effect of hysteresis on proportional reset and rat 


(2) The small amount of hysteresis or dead-zone in the 
control-valve and its accessories. The electropneumatic 
converter receives a nominally d-c electrical signal, on 
which is superimposed an a-c signal of several volts which 
causes a small dithering effect and thereby tends to reduce 
hysteresis. The control valve and positioner were well ad- 
justed, comparatively new, and mounted on a pipeline 
which vibrated a moderate amount. 

(3) The absence of slidewires or any other mechanical 
moving parts in the transmission and control instruments; 
hence, the extremely small amount of hysteresis or dead 
zone. 

This last factor is considered to be one of the most 
important. The presence of hysteresis in the measuring 
system has a much more adverse effect on control than the 
same amount (in terms of percent of range) in the control 
valve, especially when rate action is used. 


control. 


supplied to the controller, the less reliable will be its pm 
dictions. 


Conclusions 

(1) With suitable instrumentation, and with a generally 
low level of disturbance, it is possible to measure exper 
mentally the frequency response of an operating proces 
with high accuracy and no interruption of the process 

(2) Approximate linearized methods of calculating th 
transfer function of this from the _ steady-state 
process data yielded figures in moderately good agreement 
with the measured time-constants; but more work appear 
to be necessary before these methods can be applied 
other fractionating systems with confidence. 

(3) An extremely high quality of temperature contr 
was achieved with the electronic controls installed on this 
plant. 


process 
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by Lawrence M. Silva, Bruce K. Smith and Noel B. Braymer 


Data and Control Systems Department 
Beckman Instruments, Incorporated 
Fullerton, California 


Increasing Reliability 


of Industrial Data Systems 


Industrial data systems must be designed with the 
expectation that they will be used in control applica- 
tions which are much more demanding than the pres- 
ent utilization in logging and monitoring systems. 
The reliability and performance potential needed for 
this ultimate objective may be realized only through 
digital computing techniques. By proper balance of 
the logical system and by making appropriate use of 
the performance capabilities of each component, the 
number of components may be minimized. Modular 
packaging makes possible initial analysis and control 
of each component and its environment. Failure is 
found to be a function of process inertia, and the 
computer is shown to be the means for system repair 
within the time allowed by that inertia. By inclu- 
sion of marginal checking in combination with diag- 
nostic routines as a part of the normal scan sequence, 
both actual and potential failures may be caught in 
time to prevent consequential down time. 





Purpose of an Industrial Data System 


THE FIRST SELF-SEQUENCED DIGITAL computer 
was a relay device conceived for the purpose of relieving 
man of the tedium of involved computation. It was a 
docile slave, content (for the most part) to work a twenty- 
four hour day doing arithmetic faster, cheaper, and with 
fewer errors, than had there-to-fore been possible. Even 
before the incorporation of electronics, these capabilities 
were being utilized on problems which were entirely un- 
reasonable for manual solution. The modern digital com- 
puter represents a considerably faster, more versatile, and 
more reliable instrument than its predecessor, but the ad- 
vances in capability have been hard pressed to try to keep 
pace with the advances in application. It may truly be said 
at this writing that there is no foreseeable limit to either 
the speed or the reliability which can profitably be utilized. 

Industrial data handling systems have been conceived for 
the purpose of relieving man of the tedium of data gather- 
ing, data interpretation, and the use of interpreted data in 
factory control. We want, in essence, another docile slave 
who knows nothing of time clocks, and who will do our 
Present tasks with greater accuracy, speed, economy, and 
reliability than presently possible through manual methods. 





“Based on a resentation at the Iith Annual ISA Instrument-Automation 
Conference & Exhibit, New York City Coliseum, September 17-21, 1956. 
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We must expect that the introduction of such devices will 
permit manufacturing techniques heretofore considered 
unreasonable because of human limitations. We must 
therefore, expect that considerably greater demands will be 
made of the equipment than originally intended. There is 
no such thing as enough reliability, or enough capability in 
a data handling system which is to be modern both on the 
drawing board and on the day of installation. This does 
not imply any futility to construction with the means 
presently available, but rather the realization that these 
means can never be sufficient. 


The System as a Digital Computer 


Automatic process control requires the continuing de- 
velopment of suitable end instruments for measurement of 
physical and chemical process variables. The instrumen- 
tation must, in many cases, be extremely accurate, and 
must in all cases produce outputs which may be scanned 
and monitored at a centralized facility. Complete process- 
ing of this information for a closed loop control system 
necessarily implies some computing ability. Many of the 
simpler control tasks are being handled entirely by analog 
techniques. But the optimum process control system pre- 
ferably includes a digital computer, and employs the end 
instruments as specialized input-output equipments on the 
computer. It is much more profitable to consider present 
requirements as simplifications of that end, than to direct 
future growth from somewhat present hazy needs. 

The analogy of data handling systems and computers is 
useful not only to the determination of future system re- 
quirements, but also as a means for improving present sys- 
tem reliability. Reliability is fundamentally more readily 
attainable in the digital domain, because of tolerance per- 
mission on components, and because of a higher degree of 
standardization in the use of those components. 

Failure of a component is very often a matter of defini- 
tion. We are apt to say that a unit has failed when what 
is meant is that it has drifted out of the tolerance range 
permissible in its application. When presence of energy, 
rather than value of energy, constitutes information, it is 
very much easier to design with adequate allowances for 
long term variations. Early signal quantization, i.e., 
analog to digital conversion, is an important step toward 
reliability, inasmuch as it extends tolerance permission to 
the majority of the system. Digital end instruments are 
the logical extension of this aim, but at this writing do not 
exist with accuracies sufficient for most system require- 
ments. 


Fundamental Component Reliability 


The overall reliability of a system is controlled by the 
weakest system element. Intelligent design implies not 
only the proper choice of every component, but a use bal- 
ance which will result in all parts of the system having 
equivalent life expectancy. No component is unreliable 
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except as made so by the way that it is used or by the 
environment in which it is employed. The most meaning- 
ful basis for comparison of components, therefore, is their 
worth to a proposed system when operated in the manner 
necessary to achieve reliability. The “manner necessary” 
may be one in which the device has no value whatsoever, 
or it may simply be one involving a maximum skin tem- 
perature or other environment-influenced factor. A num- 
ber of unusual environments may be impractical to supply 
in a single system, but is very often reasonable to in- 
corporate one special environment when it can be shown 
to benefit most circuit elements. 

The life of an electro-mechanical device is usually given 
in terms of the number of cycles of operation. Life, meas- 
ured in time, is thus a direct function of use frequency. 
The life of an electronic component is usually given in 
thousands of hours. Provided dissipation is held constant, 
there is usually no correlation between life and the use 
frequency. A system employing electro-mechanical com- 
ponents may actually be more reliable (in terms of time) 
than one employing electronics in their stead, if the use 
frequency is low and if the electronic components available 
for substitution have a relatively short life expectancy. 


Logical Balance 


But straight-forward comparison of electro-mechanical 
and electronic means within a given system logic is seldom 
an accurate basis for comparison. A properly optimized 
logic is one which takes recognition of component capabili- 
ties and attempts to minimize numbers of components 
through maximum use of these capabilities. Early digital 
computers comprised combinations of special purpose logi- 
cal elements, such as “multipliers,” “square rooters,” and 
various different number and command storage devices. A 
major step in computer reliability was taken through the 
use of a single arithmetic organ to perform all arithmetic 
functions, and the assignment of similar multiple use 
tasks to the other parts of the system. This required an 
increase in information rate to maintain a given computa- 
tional speed, but it has already been noted that the speed 
of an electronic component need have no bearing on its 
life expectancy. Logical multiplexing, when the com- 
ponents being multiplexed are electronic, can significantly 
improve system reliability by virtue of reduction in the 
numbers of components required. Maximum potential re- 
liability exists in that system which makes the greatest 
possible use of each of its electronic components, and the 
least possible use of each of its electro-mechanical devices. 

Potential system reliability is a function both of overall 
logical balance and of the detailed breakdown of that logic. 
A finite number of engineering man hours exist for the 
creation of each new system design. To a very large ex- 
tent the reliability of the end product is determined by how 
those hours must be spread over the different design 
problems in the product. If the logic of a system can be 
implemented through combinations of a few simple com- 
mon denominators, correspondingly more time is available 
for each denominator’s development. 


Modular Design 


Modular design is the development and use of such 
basic common denominators. Because the modules are 
simple, and have small variety, there are also a relatively 
small number of different component types. This has im- 
portant implications in the practicability of exhaustive 
component analysis, to the end of determining how they 
must be used to make them most reliable. It also implies 
that there is a greater probability of finding one optimum 
environment for the entire system. 

Reliable module design requires not only the knowledge 
of how each component must be operated to assure re- 
liability, but the prediction and control of all possible com- 
ponent interactions over the life of the equipment. The 
most reliable of basic designs may be rapidly converted into 
an unreliable assemblage of hardware as a result of un- 
usual voltages or temperatures existing during breakdown 
of one part of the system. Prediction of all such interac- 
tions is not within human capabilities in a system which 
has been designed over a “practical” period of time and 


418 





which is comprised of many non-standard circuit f 
Modular design is far more than a design convenience, 
is a design necessity if all factors influencing long term 
life expectancy are to be considered. 


Packaging 

The physical manifestation of modular design ig 
aging, wherein each package has a logical value determing 
by the common denominator it contains. Modular q 
increases the reliability potential of a given system 4 
Use of a few package types to implement the logic of 
different systems, varying both in speed and complesity 
further increases that potential. It makes very good : 
therefore, to fix the speed and use parameters of the pack. 
ages with the most ambitious system in mind. 
economics of standardization are such that fast but stand. 
ard packages in all applications are often cheaper than g 
variety of package types tailored to individual require 
ments. 

Packaging, and in particular packaging via printed cir. 
cuit panels, provides a means for rigidly controlling th 
physical juxtaposition of components during manufactuy 
Intelligence in package design is no less important 
reliability than intelligence in component selection, and 
very often the deciding factor in that selection. 

Modular design, with few package types, makes it po 
sible for the circuit designer to control every factor whig 
will influence the long term performance of his circuit, 
The fact that the transformer prevented proper air flow ty 
the resistor, so that it in turn radiated too much heat to the 
diode—is nobody’s fault but his own. There are no desig 
jobs in the development of reliable packages which shoul 
not receive careful engineering attention. 


The Socket is a Component 

The contacts of the packages and their sockets are in the 
general category of components with other electro-mechan} 
cal devices. Like such devices, they may be used in sucha 
way that they are extremely reliable or they may be the 
determining factor in machine stability. The limiting 
factor in socket contact life is more often improper spring 
pressure than poor contact surface. For example, uniform 
insertion, guaranteed by close tolerance package guides, is 
one method of insuring constancy of design spring pressure. 

Contacts, as components, should be minimized for max 
mum life expectancy. However, the optimum number o 
contacts may very well be determined by the machine 
service requirements and be much more than the logical 
minimum. Inasmuch as service is one very important 
aspect of reliability, minimum number consistent with 
serviceability is a better statement of design objective. 


The Real Meaning of Reliability and Breakdown 

Reliability to a missile designer is his guarantee that 
nothing will fail during the first (and only) useful mo 
ments of the equipment’s life. Reliability, to the general 
purpose computer designer, is the ratio of useful computing 
time to scheduled computing time. Reliability, as applied 
to an industrial data control system, is much more cok 
cerned with duration of time between breakdowns. It i 
not sufficient to have a high probability of successful oper® 
tion for some designated number of continuous hours, if the 
failure rate thereafter will make the equipment unusable 

Failure of a centralized process control facility is tar 
tamount to a complete walk out of personnel employed 
in manual control applications. In the analogous situation, 
however, it is very often possible to divert other employees 
to the control function. With automatic control it is prob 
able that the manual control facilities will be non-existent 
—particularly if the automatic control capabilities have 
been utilized in manufacturing processes not possible with 
manual techniques. 

Breakdown is serious mainly if it is of longer duratio 
than system inertia will carry, or if it produces a drasti¢ 
change in a controlled device at the instant of breakdown. 

Breakdown, then, may have two meanings. If the janitor 








accidentally shuts down system power, but immediate 
restores it, and if no information vital to control is lost 


during the momentary shutdown, the breakdown may be 


completely inconsequential to the controlled process. 
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a system so that failures may be instantly rem- 

py a passing janitor is, perhaps, a goal impossible to 
ening The degree of realization of that goal is one 
measure of effective system reliability. 


Finding the Trouble 

Localization of a faulty package is very much easier 
than location of a faulty component in an unpackaged de- 
sign. If relatively few package types are involved, a small 
number of spares may economically be considered as a part 
of the system, to be used as replacements for those causing 
breakdown. Subsequent location of the specific component 
causing failure may be done on independent package check- 
ers, involving no system down time whatever. This aspect 
of servicing, however, is properly tne province of the 
original manufacturer. Continued package reliability may 
be guaranteed only by assuring that component replace- 
ment is made to original circuit specification. This applies 
poth to the choice of component and to the way that it is 
mounted. A package design which requires that com- 
ponents must be unsoldered for testing imposes unneces- 
sarily severe conditions on those parts and the package 
might better be discarded than “salvaged” as a future 


source of difficulty. 


design of 


Self Diagnosis 
Even with packaging and with elaborate test indicators, 


fault localization in a large system demands intelligence 
and time from a serviceman, and assumes his availability 
at the time of breakdown. The expansion of a basic 
scanning and monitoring facility to one providing com- 
plete factory control would appear to increase this problem 
in direct proportion to system elaboration. Fortunately, 
the inclusion of a digital computer as the heart of the data 
handling facility builds in the means for intelligent and 
rapid failure diagnosis. The concept of self diagnosis, 
applied to packaged digital computers, has only recently 
been investigated by the manufacturers of such equipments. 
It has been demonstrated that it is possible for a computer 
to completely analyze the vast majority of its own break- 
downs as well as those in tertiary equipments, and to print 
out the results of the analysis, as the bad package number, 
on a directly connected typewriter. Complete introspective 
ability may require that the equipment involved in typeout 
be independent of the main control line. But extra hard- 
ware of this nature is a small price to pay for fast return 
to service. 

These concepts are being applied to the design of busi- 
hess computers under development today. They constitute 
computing routines, rather than hardware, and as such 
represent an actual manufacturing saving over the con- 
ventional servicing provisions. So far, the application of 
such methods has been extended only to service of un- 
checked machines. In a business application where initial 
machine cost is an important factor, and where breakdown 
constitutes inconvenience rather than catastrophe, such an 
approach is a tremendous but sufficient advance over older 
servicing methods. As applied to factory control, however, 
it must be recognized that the cost of breakdown may 
exceed the worth of the control system, and that elabora- 
tion which materially improves reliability is cheap insur- 
ance, 


Error Detection 

It is profitable, therefore, to consider the logical ex- 
tension of this automatic servicing procedure. 

Breakdown of end instruments themselves is detectable 
by comparison with alarm limits and also by rates of 
change in excess of those possible with the inertia of the 
Process being measured. The incorporation of self check- 
ing logic is justifiable as insurance against non-obvious 
error, as an aid to self diagnosis, and as the means for 
automatically initiating the full diagnostic test routine. 

Rapid service, as made possible by automatic detection 
of error, alarm, and automatic indication of error source, 
can make the difference between momentary failure and 
consequential breakdown. When that service can be ac- 
Comptished by personnel completely unversed in machine 
logic or circuitry, machine reliability acquires an entirely 
hew definition. 
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Preventive Maintenance 

No breakdown, however, is cumpletely without conse- 
quence, even if the consequence is no more than an incon- 
venience to our hypothetical janitor. Detection and correc- 
tion of incipient failure is always more desirable than 
correction after failure, no matter how efficiently the means 
for the latter may be implemented. 

Preventive maintenance may eliminate a large percent- 
age of breakdowns, but must be applied with intelligence 
so that the procedure, in itself, does; not set up conditions 
for other failures. The sockets, like every other component, 
must be given a proper environment for guaranteed 
longevity. Like the vacuum tube, the socket must not be 
used if it is to last for the economic life of the equipment. 
But “not being used,” or at least being “used” seldom, is an 
economically useful environment for the socket. 


Marginal Checking 

Marginal checking, as a means for system test under 
extreme tolerance conditions, may be employed on a data 
handling system with considerable advantage and without 
danger of establishing unfavorable component environ- 
ments. Built in facilities for varying all system voltages 
may be used in conjunction with self diagnostic test rou- 
tines for rapid location of potential trouble spots. These 
routines are generally manually applied on a once-a-day or 
once-a-month basis in normal digital computing systems but 
can be applied automatically at any desired interval. Ap- 
plied in this fashion they eliminate the need for self check- 
ing circuitry. The system is assured, after each test, that 
it is working properly and has very high probability of 
remaining so until the next test. 


Prediction of Failure 

The relatively short longevity of vacuum tubes is of 
much less consequence to system reliability than the fact 
that the frequency of unpredictable failures is relatively 
high. Marginal checking is an aid to vacuum tube pre- 
diction but not a panacea. Solid state circuitry has sig- 
nificantly better life expectancy, but even more important 
is the fact that the unpredictable failure rate is substantial- 
ly lower. Marginal checking, in combination with solid 
state amplifying elements, offers a potent combination for 
ultimate machine reliability. 

Marginal checking is frequently difficult if not impossible 
to apply to electro-mechanical devices, and if a given sys- 
tem requires their use, every effort should be made to 
obtain a sound basis for life prediction. This requires 
that a sufficiently large number of the devices must be 
tested to end of life under conditions which realistically 
approximate those in the system. Knowing that a device 
can be expected to operate without trouble for a given num- 
ber of years, it is then possible to arrange for replacement 
at or before that time. 


Conclusions 

Through proper balance of the logical system, through 
the use of an intelligently derived modular design philos- 
ophy, and through exhaustive analysis of each of the com- 
ponent parts and environments in the system, it is possible 
to achieve a high degree of potential reliability in an in- 
dustrial data facility. Present designs should be consid- 
ered as simplifications of the closed loop system, and make 
maximum use of digital information handling techniques. 
With the digital computer, effective system reliability may 
be substantially improved by built in programs for location 
of failures in potential trouble areas. 

The house of cards has fictitious economic attractiveness 
over one built of more substantial materials. An indus- 
trial data system is very much a part of the factory in 
which it is used, and as such has an economic value de- 
termined over a large number of years. Reliability may 
justify whatever price is needed for its attainment, but 
fortuitously it can be shown that the majority of the means 
are those which actually lead to production economy. In 
the final analysis, the only sure technique for attaining re- 
liability is a conscientious desire for improvement. 


(Meet the Authors on Page 425) 
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THE FIELD OF INSTRUMENTATION 








Magnetic Detective. Skilled fingers wire core 
unit of new Doelcam magnetic switch designed 
to monitor assembly operations and keep tabs 
on moving metal objects. It has no moving 
parts, being actuated by passage of metal ob- 
jects through a magnetic field set up directly in 
front of sensing end. Can be triggered up to 
10 times a second. To be used on Ford's 1958 
engine block production line. 








AUTOMATIC CONTROL AND AUTOMATION 





Solid Electrolyte Battery. This is the new miniae 
ture size (!/, 02.) solid ‘dry type’ battery a 
veloped by National Carbon Co. Designed 
low-current applications, it is made primarily 
silver, silver iodide, and vanadium pentoxidé 
form of 200 paper thin cells. It is rated af 
volts for service temperatures from —/00 


+.170°F. 


Computer At Work. New ALWAC electronic compute! 
manufactured by Logistics Research recently installed @ 
Southwestern Computing Center in Tulsa to solve com 
plex oil and gas industry problems. Computers are n0¥ 
used to solve problems ranging from exploration to pipt 
line scheduling, giving answers to mass problems thet 
previously defied practical solution. 
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Rocket Testing. Three Consolidated 
Electrodynamics Type 5-114 record- 
ing oscillographs in operation at 
Rocketdyne s Field Propulsion Labor- 
story. Harold J. O'Brien (left) and 
Jack R. Webb are recording such 
typical rocket engine parameters as 
temperature, pressure, flow, position, 
operational sequence, timing, accel- 
eration, rpm, and thrust over a wide 
range of cycles per second. 
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Supervisory Control. Stabilized operation is 
the result of Foxboro Teletax telemetering system 
in use at Springfield, Mass. Gas-Light Co. to 
record and remotely set air gas ratio plus con- 
tinuous recording of heating value. Measuring, 
transmitting and controlling instruments are lo- 
cated at city compressor station, three miles 
from main plant. 
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Ceramic Magnets. Dr. Frank G. Brockman, 
Laboratory Chief, Magnetics, North American 
Philips Co., Inc., looks over a variety of magnetic 
parts molded from a newly patented ceramic 
material. It is non-metallic, electrically non- 
conductive, yet can be permanently magnetized 
and contains no nickel or cobalt materials. This 
new product promises to be a significant ad- 
vancement in the electrical and electronic world. 























Flexible Temperature Control 
by Use of Portable Controllers 


and Plug-in Connections 


At the GM Research Staff a high use-factor for 
controllers has been realized by mounting the instru- 
ments on portable dollies and applying them as needed 
on highest priority projects. This paper discusses 
further developments of this flexible control system. 
Dual thermocouples are installed in each furnace and 
brought to connectors at the front of the control pan- 
el. In a case of control thermocouple failure a patch 
cord switch is made to the second thermocouple. Con- 
trol circuit leads are also brought out to a panel ccn- 
nector. In emergencies or during preventive mainte- 
nance a portable control instrument can be quickly 
plugged in and will immediately assume complete con- 


*Based on a presentation at the I|ith Annual! ISA Instrument-Automation 
Conference & Exhibit, New York City Coliseum, September 17-21, 195é 
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trol of the operation. This extreme flexibility ha} 
practically eliminated damage and downtime. Us 
of a commercially available controller in a portabk 
package is described. It is shown how this instm 
ment can also be used to continuously monitor a pro 
ess and automatically take over control if the regula 
controller should fail. Other features of this system | 
such as program control and emergency manual con-| 
trol are also discussed. 


FORMERLY, ALL RESEARCH STAFF furnace cp 
trollers were integrally wired to each system as is illu 
trated in Figure 1. This was true even where portable units 
were used because they were still wired directly to th} 
furnace. Any failure of the controller usually eiiher shit} 





Figure 1. 
Integrally wired 
furnace control. 
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Figure 2. Plug-in system with portable controller. 


the furnace down or caused it to dangerously overheat until 
a direct repair could be made. Immediate correction of the 
controller trouble by the operator was seldom possible. His 
only choice was to call in an instrument technician. Many 
times it was too late to save the product by the time the 
repairman arrived and put the instrument in operating con- 
dition. This was especially true after regular working 
hours. 


Plug-in Connections 

The system outlined in Figure 2 is now installed in 
every heat treat and metallurgical furnace at the Research 
Staff and is operating quite satisfactorily. The basis of 
the new system is the installation of two thermocouples in 
each furnace, the bringing of all leads to connectors on the 
front panel, and the use of portable units containing a 
complete auxiliary set of controls. First, two thermo- 
couples are installed in each furnace by using a dual- 
thermocouple head. The two lead wires are brought back 
to separate connectors mounted on the furnace control 
panel. The control instrument lead wire is also brought 
out to a connector and a patch cord is used to connect to 
the desired thermocouple, either No. 1 or No. 2. 

When a plug-in portable instrument is substituted, the 
connecticns are as shown. The selected couple is connected 
to the portable instrument and the second cable transfers 
the control functions. 


Portable Controllers 

Figure 3 shows a portable control package which contains 
a commercially available recorder-controller. The portable 
unit is wired in such a way that it can be plugged into any 
of the main panels and will immediately take over control 
o” the furnace in case of trouble in the regular instrument. 
It can also be used as a sentinel and will assume control 
only if the main controller should fail. 

Several instruments which were already dolly-mounted 
were wired up for plug-in use. These instruments can be 
used as furnace main controllers or plug-in substitutes. 
Any portable controller can be substituted in a break- 
down emergency by a plant protection guard with no in- 
strument experience. Because of this simplicity of the sys- 
tem, many after hours call-ins have been eliminated. 

A portable unit can be substituted while an instrument 
technician works on the main controller without disturbing 
the operation. Stop-gap repairs are prevented and preven- 
tive maintenance is made much easier. 


Program Control 

It is now possible to program any installation with a 
Program controller as is shown in Figure 4. The _ per- 
Manent instrument provides a strip chart record of the 
complete test. 


Emergency Manual Control 


When all portable units are tied up and tight control is 
unnecessary it is possible to manually control the furnace 
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Figure 3. Portable emergency controller. 


by plugging in a percentage timer such as is shown in 
Figure 5. The average power input to the furnace can be 
selected by adjusting the dial. The operators soon become 
experienced and are able to control the temperature quite 
closely. To read the temperature which they are manually 
controiling it is only necessary to connect a jumper cable 
to any instrument in the area. Incidently a quick cross- 
check can be made of a:y two instruments by means of 
this jumper. 


The Basic Control System 


The basic system can be illustrated by a typical oven 
control in which the heater power is taken directly from 


Figure 4. Plug-in substitution of program controller. 
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Figure 5. Plug-in percentage timer for manual adjustment 
of heat input. 


the 110 volt line as outlined in Figure 6. The on-off type 
temperature controller contains a set of single-pole double- 
throw contacts which are diagrammed just to the right of 
the controller. Actually, they are located in the controller 
case. The shaded area to the left represents the oven with 
its heating element. Two thermocouples are brought out 
to two connectors on the panel. A third thermocouple 
connector is wired to the controller input terminals. The 
zig-zag lines on the lower right side are relay coils. Each 
coil is identified by a letter. The contacts of these relays 
are the sets of parallel lines which interrupt the circuits in 
various locations. Each set of contacts is also identified 
by a letter which is the same as that of its associated 
relay coil. 

The square symbols which terminate several of the leads 
on the right side represent the control function connector. 
In actual practice these jacks are in the form of a 7-prong 
connector of a standard make. The dotted lines show the 
connections made when a portable control is plugged in. 


Operation 


When it is desired to heat the furnace, the power switch 
is closed. Since the set point is usually above the oven 








temperature on a start up, the Low temperature Contagt 
made energizing the coil of (R) which is the main c 
relay. The circuit is completed through the no 
closed contacts (B) and (G). The furnace heater is 
nected to the power line through one contact of (R) 
The other contact of the (R) relay is closed simultay 
and maintains (R) relay coil in an energized Condition, 

When the furnace reaches the desired temperature, fh 
controller contact makes in the High position ene 
(G) coil through (B), and (R), contacts. Imme@ 
however, (G) contact opens dropping out (R) relay break. | 
ing the furnace power circuit and also deenergizing 
relay. The furnace now begins to cool until the te 
ture reaches the set-point. The cycle is then repeated 
continuously keeping the temperature close to the 
setting. The single-pole double-throw control contact wih 
a dual-relay system is used to prevent chatter. 

If a thermocouple should fail, the fail-safe feature in the 
controller will turn the heat off and the furnace temper. 
ture will begin to fall. When the operator discovers th 
trouble he first tries the other couple. Since the chanes gf 
simultaneous failure is extremely remote, the second couple 
will probably remedy the trouble. (To reduce the change 
of the unused couple going out and not being discovers 
until needed, it is recommended that the furnace opergip 
transfer the thermocouple patch cord frequently.) Ifj} 
controller is at fault, all the operator has to do is plug is 
a portable unit. The dotted lines show the connectigg 
made so that the portable unit assures control. The 
relay circuit is completed through the shorted pins, opening 
up the (B) contact. The main controiler contact is noy 
disconnected from the circuit and is no longer effectiy 
The set of single-pole double-throw contacts in the portabk | 
unit take over control. Power to the amplifier and char 
motor of the portable instrument are supplied throng) 
the other two contacts. 





Standby Operation 


Another important feature of the portable controller 
that it can be made to operate as a sentinel and will take 
over control only if the temperature of the oven shoul 
deviate above or below pre-set limits. An alarm bell ring 
until the operator pushes a reset button acknowledging the 
trouble and a red light stays lit until the temperature Te | 
turns to normal. This standby feature is accomplished 
by relays in the portable unit. These relays are controlle 
by over and under temperature cam _ operated micro} 
switches. 

Any one of four desired modes of operation are selected 
by the switch on top of the portable recorder. 


Figure 6. Elementary circuit showing electrical system operation. 
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he contr) 
itact wih 
ure in the 
tempers 
‘Overs the 
chanes gf 
nd couple 
© chants 
liscoveng 
, operate, 
) Itt 
'S plug i 
nnections 
The (B) 
, Opening 
*t is noy 
effective, 
» portable 
in 
‘hol These are: 

1. Control with over and under temperature alarm. 

2. Over and under temperature alarm. 

3. Undertemperature alarm only. 

4, Overtemperature alarm only. 
troller is (1) takes over control immediately upon being plugged 
will take in. (2), (3), and (4) are standby positions taking over 
n should control only when temperature deviates outside the alarm 
yeil rings | limits. Features (3) and (4) are sometimes useful when 
iging the it is necessary to change the controller set point consider- 
ature re ably, or during start up. 
mish Figure 7 is a circuit schematic of the portable controller. 
ontrolled | 
i mico? Conclusion 

: The advantages which have resulted from the flexible 

selected | control system described are: 


1. Since the introduction of the flexible control system, 
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Figure 7. Elementary circuit diagram of portable controller. 


night trouble calls are practically non-existent. Plant 
protection men without instrument experience can 
easily handle most failures. 

2. Productive maintenance can be accomplished without 
interrupting the operation. As a result the furnace 
controllers are in far better condition. 

3. Increased confidence in the instruments on critical 
jobs relieve the engineering and operating personnel 
from standing-by continuously. Many important jobs 
can now be run at night with no operator, resulting 
in a great time saving. 

4. The use-factor in intermittently used equipment has 
been increased. 

5. Any furnace can be programmed, if desired, simply 
by plugging in a portable program controller. 

(Meet the Authors on Page 429) 
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PROCESS CONTROL SYSTEM DESIGN, Part 4 


A major problem in many control systems is that of adjusting the controller 
for best performance with a wide variety of changes in process gain and time 
constants as a result of varying operating conditions. ‘This article, part four in 
a series, presents a method of synthesis which assures the best possible response 
for a variable condition gas flow process in which the two major time constant 
changes are associated with the final control element and the process. As qualified 
in the article, the authors conclude that the open loop frequency response plotted 
on the G(s) plane must cross the unity circle at 135° phase lag for stable 


operations. 
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Synthesis of Gas 


Flow Control Systems 


INTRODUCTION 


THE PRIMARY DIFFICULTY encountered in the syn- 
thesis of a gas flow process control system is that caused 
by the extreme variations of process gains and time con- 
stants with operating point. One criticism of previous 
gas flow control systems has been that they did not provide 
satisfactory performance over the entire operating en- 
velope, unless the system was tuned at each operating point. 
Frequently, the adjustments in the controller were not 
sufficient to cover even the range of operating conditions. 
This paper presents a method of synthesis which assures 
the best possible response at all operating points. 

The rational approach to control system synthesis which 
is followed in this paper is based on the criteria that: 

Limits on the closed-loop dynamic response will be 
those imposed by the process itself and/or the prac- 
tical limits on the final control element, the power am- 
plifier. 
That is, the sensing system, the set point device, and the 
controller are considered to have time constants which are 
negligible with respect to the process and/or the final con- 
trol element. This approach guarantees that maximum 
utilization is made of the process. 

In many previous attempts at designing systems of this 
kind the tendency was to attempt to tune commercial con- 
trollers for optimum performance at one operating point. 
This led to difficulty because of the necessity for adjust- 
ment of controller parameters with operating point to 
achieve required performance. Consideration was not 
given to the range of adjustment necessary. Another 
tendency was to establish an arbitrary closed-loop response 
based upon the intended use of the process without con- 
sideration of the limits imposed by the process itself or the 
final control element. These tendencies can easily lead to 
failuregin the design and full advantage of the plant’s po- 
tentialities may not be realized. 


*ISuperior numbers refer to similarly numbered references at the end of 
article. 
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by G. V. Schwent, W. K. McGregor and D. W. Russell 


Instrumentation Branch, Engine Test Facility, ARO, Inc., Tullahoma, Tennessee 








SYNTHESIS OF THE CONTROL SYSTEM 


In linear systems, the synthesis of a control is concerned 
with the selection of a mode of control, calculation of con 
troller parameters based on a given stability criteria, and 
calculation of the predicted closed-loop response. Two ad 
ditional considerations must be included for non-linear con 
trol systems of the type under discussion. First the lineari- 
zation functions the control system must possess to com 
pensate for the variations in process gains and time cor 
stants, must be determined. Second, methods to minimiz 
harmful interactions or to utilize useful ones must bk 
studied. In order to synthesize a control system to com 
pensate for the variations in the process parameters, it is 
essential to first obtain a mathematical description of the 
plant. The variations in the coefficients of the transfer 
function with operating conditions can then be determined. 
The problem of synthesis may be greatly simplified at the 
outset if the practical limit of the closed-loop frequency 
response is first determined. It is then only necessary # 
determine the variations in the process gain at this fre 
quency with operating point. This reduces the compute 
tions considerably. 


The mode of control selected is a proportional-plut 
integral control. This provides the desirable zero steady 
state error for a fixed input signal plus good dynamic 
acteristics. A phase margin of 45 degrees is arbit 
taken as the stability margin for convenience of ill 
tion. The introduction of phase lead to improve res 
will not be included so that the procedure can be made 
simple as possible. When the controller transfer fun 
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Ti8 


is defined as K,(1 + ), the value of K, is simply 


reciprocal of the plant gain at the frequency where 
plant and valve servo phase lag is 135 degrees. The W 
tegral time constant, r,, should be approximately ten ti 
greater than the reciprocal of the frequency where the PD 
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haust System Sche- 
matic (ETF). 


phase lag is 135 degrees. These numbers are not to be 
considered exact, but they are as accurate as the analysis 
will warrant. A controller will naturally have provision 
for adjustment and these parameters can be adjusted when 
the equipment is installed. The important point to note is 
that the control gain and time constants are now a function 
of the plant operating conditions. The controller must 
zontain the necessary linearization components to form 
these functions. 

The illustrative example which follows is for the ex- 
haust pressure control system of the Engine Test Facility, 
Arnold Engrg. Development Center, Tullahoma, Tenn. 


SYNTHESIS OF THE ETF EXHAUST PRESSURE 
CONTROL SYSTEM 

The Process Transfer Function 

Figure 1 is a schematic diagram of the ducting layout 
and valve locations of the ETF Exhaust Pressure System. 
This system was described in detail in the second paper of 
this series.2 The disturbance is a change in weight flow, 
W,, through the engine. The final control element is the 
throttling valve area, A. The variable to be controlled is 
the duct pressure, P,. The function of the control system 
is to maintain the duct pressure constant during a change 
in engine weight flow or to change the duct pressure to 
follow a trajectory, a programmed change with time. The 
delta functions represent the small perturbations about the 
steady-state operating point. 

The transfer functions of the 
lumped parameter approach, are of the form, 


process, based on the 


AP, (8) Ky. (r28 + 1) 1) 
AW,(8) (7,8 + 1) (r38 + I) (2) 
AP, (8) k,/k, (r,s + 1) 

, (2) 
AAS) (7,8 FT 1) (rs8 t 1) 


where Te = Tats = 7:1 


Now, in the second paper of this series, it was established 
that for all practical purposes, only the choked control 
valve case need be considered. A valve is said to be 
choked when the pressure ratio is less than critical, 0.528. 
Considering only the choked control valve case, then the 
transfer functions of interest are: 


AP, (8) P,/W, 

AW,(s) ~ P,/W,C,s + 1 (la) 
AP,/s) P,/A ; 
AA(s)~” P,/W,C,;s + 1 op 





where C, = lumped capacitance of a volume ~Re 
i 
1 = y=1.4,+7 — ratio of specific heats 
V; volume indicated on Figure 1 
R ideal gas constant 
6; absolute temperature 
8 Laplace variable 


By solving for A in the valve equation, the second transfer 
function can be written in the form, 


0.528 


P,/W, K 


AP, (8) . 
P,/W,C,s + 1 “7,8 + 1 


— P 
AA(8) V 6; ’ 
Control System Block Diagram 

Figure 2 is a block diagram of the vlant with a control 
system. Note that a proportioned-plus-integral controller 
was selected. A,G, is the transfer function of the valve. 
K, may or may not be constant depending upon whether the 
valve area-position relationship is linear or whether it has 
been made so by one of the methods suggested in the third 
paper of this series.* 


The General Synthesis 
If the integral portion of the controller is considered as 
contributing no appreciable phase lag at the frequency 
where the open loop phase lag is 135 degrees, the open loop 
frequency response function is:* 
# 
K .K.G. (jo) KA : 1 135 (4) 


tpjw + 1 


When the synthesis is considered in this way, the valve 
response, G,/jw), must be the limiting factor since the plant 
cannot have phase lag greater than 90 degrees. However, 
if G,, the frequency variant portion of the process transfer 
function, is considered from the distributed parameter 
standpoint, it may well prove to be the limit since at the 
first critical frequency the phase lar is 90 degrees and 
drops off very rapidly above this frequency, being 180 de- 
grees at the second critical frequency. 

If the valve response is such that its —45 degree phase 
shift point is at a frequency, w,., ten times greater than 
the maximum value of //7, then, the high frequency ap- 
proximation of equation 3 is simply 


AP (jw) | 
AA Jw) Cie 


and the synthesis equation becomes 


Figure 2. Process Control System (ETF Exhaust Side Pressure). 
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a 


K.(K, | —45°)( | —90° ) = 1 —135° (4a) 


Cw 


On an absolute basis the controller gain is then inversely 
proportional to K, or 


: KK, 0.528 P, K, 
If K, has been made constant and temperature does not 
change appreciably, it is only necessary to change K, in- 
versely with the set point pressure. 

Another factor presents itself if equation 3 is written in 
the form 


AP, 
P,'*/ 0598 K, 
AA(8) \ 6; TpS + 1 (7) 


If the sensed variable is the logarithm of pressure (since 
d in P, = 4aP,/P,) instead of pressure itself, then K, is 
constant; and for the condition under investigation, K, 
can also be constant. If this scheme is used the controller 
constant need not vary with operating point. 

Suppose now that the maximum value of 1/7, is not a 
factor of ten smaller than the frequency at which the valve 
contributes —45 degrees. Then the closed-loop response 
will be limited by the valve performance. If the process 
time constants are much smaller than the valve time con- 
stants, then the response will be principally dependent 
upon the valve. The value K, can be determined for each 
operating point under this condition and must be adjusted 
appropriately to achieve a given stability. This situation 
is one which should be avoided if at all possible. 

A third situation to consider occurs when the process 
phase shift is contributed to by the distributed parameter 
response. If the maximum value of //r, is one tenth the 
first distributed parameter critical frequency this situation 
need not be considered. However, if 1/7, is near that fre- 
quency then the response will be limited by the distributed 
parameter effects. The value of K, may be determined from 
equation 4 as before using the value of w corresponding to 
the first critical frequency. 

The integral time constant has, as yet, not been consid- 
ered. The function of the integral action is only to main- 
tain zero steady state error. The rate of integrating out 
this error must be as fast as possible providing it does not 
influence stability. It is easily seen that the integral action 
will not contribute to instability if it does not contribute 
appreciable phase shift at the frequency where the open 
loop phase lag is 135 degrees. Thus the integral time con- 
stant should not be less than that at which //7, 0.1w-. 

The improvement of performance by utilization of phase 
shifting transfer functions has not been considered. If 


Figure 3. 
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the system were as easily described as indicated ip Ua: 
tion 4 then obviously phase lead would greatly im 
performance. However, for gas flow systems the two 
sible limits, valve performance and the distributed 

ter, also have another feature which retards the valyew 
phase lead. The phase lag characteristics of electrohydrgp 
lic valve servo systems is such that when the lag begins 
it drops sharply beyond 180 degrees. This is Probably dy 
to velocity limits. The distributed parameter response jg 
such that at twice the first critical frequency the Dhase lag 
is 180 degrees. Thus, phase lead has not been Considered 
as offering appreciable increased performance. 


A Specific Problem 


The ETF exhaust system is not limited by the dis 
tributed parameter effects and the valve response contrib. 
utes 45 degree phase lag at a frequency greater than te 
times the largest value of //r,. Thus the first consideration 
holds. Furthermore, temperature is maintained very Near: 
ly constant at 200° F. The value of C, is about 0.292 and the 
frequency at which the valve contributes 45 degree phay 
shift is 15 rad/sec. Thus equation 6 becomes 


bonsd 
P, 'K (8) 


K, 214 


where P, is expressed in lbs per sq ft and K, is in yolts 
per sq ft. 

The valve systems in the ETF are twelve butterfly valves; 
six sets of one 12 inch diameter and one 42 inch diameter 
arranged to operate in sequence from an electrical signal, 
K, varies 77 to 1, excluding the first and last 15 degrees of 
opening. Altitude pressure varies from 70 to 2100 pounds 
per sq ft. Thus, without compensation, A, must be a¢ 








justable over a range of 2210 to 1 in order to maintain the 
same stability. This, of course, is near impossible with con- 
mercially available controllers. However by making K, 
constant with the use of the appropriate linearization fune-. 
tion and by either sensing the logarithm of pressure or 
making AK, vary inversely with pressure set point the same 
stability can be maintained at all operating points. 

The integral time constant, as previously discussed, must 
be one decade back of the valve 45 degree phase lag fre 
quency. Thus 1/7; 1.5 rad/sec. 

The analysis and the definition of the different constants 
are, of course, in error to some extent. Hence it is abso 
lutely necessary that a range of adjustment of both K, and 
7, be provided in the controller. 


INTERACTION PROBLEMS 


In a complicated process, such as an engine test facility, 
where the complete process is broken up into smaller proc 
esses for control purposes, it is necessary to investigate the 
interaction of the smaller closed loop systems. As an er 
ample, consider the air side pressure system of an engine 
test facility, shown in Figure 3. It is desirable to keep 


Engine Test Facility Airside System Schematic (RJA). 
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the compressor at a constant operating point. This not 
only helps compressor operation but also simplifies the re- 
quivements of the system controlling the engine inlet pres- 
sure, P,. 

Suppose this process is separated into two systems, one 
controlling engine inlet pressure, P,, by use of valve T and 
the other controlling upstream pressure, P, by use of valve 
B. The two systems appear in Figure 4. Each can be 
separately synthesized according to the methods previously 
discussed. The principal disturbance is a change in engine 
weight flow. This change results in a change in valve T 
area which affects pressure P, and subsequently a change 
in valve B area is required. The control signal for valve 
B to move must, therefore, be lagging by the dynamics of 
both systems. This can result in considerable interaction. 

A great help to this situation is to take advantage of the 
fact that if the total flow from the compressor is main- 
tained constant the operating point must remain the same. 
If the sum of the flow areas, A, and A,, is maintained con- 
stant then the flow will be the same. Hence the valves 
can be tied together by an algebraic relationship 

A, + Ar constant. 
If the algebraic relation is somewhat erroneous the closed- 
loop system on P, rapidly wipes out the error. This can 
be accomplished as indicated on Figure 4 by what amounts 
to an anticipatory signal. 

A similar thing can also be done with respect to the en- 
gine and the control system on P,. A signal proportional 
to engine flow can be used as an anticipatory signal to the 
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For turbojet engines such a signal is en- 


gine fuel flow. 


usually brief and oversimplified to many. 


CONCLUDING REMARKS 


The treatment of this synthesis may have seemed un- 
It consists of the 


statement that the open loop frequency response plotted 


on the G(s) plane must cross the unity circle at 
gree phase lag.‘ 


135 de- 
The adequacy of this tool in systems de- 


scribed by one or two principal time constants can easily 


be demonstrated. 
troller adjustment is considered a matter of necessity this 
criteria is all that is required. The authors recognize, how- 
ever, the necessity for loci shaping for many kinds of feed- 
back control systems. 


in the Engine Test Facility, AEDC. 
this series the actual calculations of the component gains 
will be determined for the system illustrated herein. 


In process control systems where con- 


The adequacy of this synthesis has been demonstrated 
In the next article of 
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879. “HIGH RESOLUTION AUTOMATIC 


BETA SPECTROMETER”, Robert D. 
Birkhoff, Arthur W. Smith, Harry H. Hub- 
bell, Jr., and Joseph S. Chaka; Rev. Sci. 
Instr., Vol. 26, No. 10, pp 959-962, Oct., 
1955. Description is given for homogene- 
ous magnetic field beta spectrometer and 
its auxiliary automatic contro] system. 
Momentum resolution is such that mono- 
energy line has full width at half maxi- 
mum intensity of 0.22 percent. 


880. “DYNAMIC DEFLECTION TRANS- 


DUCER UTILIZING PHOTO-CONDUC- 
TIVE SENSORS,” Ralph Papirno and 
George Gerard; Rev. Sci. Instr., Vol. 26, 
No. 10, pp 968-969, Oct. 1955. Deflection 
transducer for dynamic studies utilizes a 
light beam falling on a photo-conductive 
cell which is modulated by gridded film 
strip attached to specimen under investi- 
gation. Output of photocell is voltage 
which is applied toe cathode ray oscillo- 
scope. 


881. “POTASSIUM IODIDE FAST NEUTRON 


DETECTOR” Bernard Brown; Rev. Sci. 
Instr., Vol. 26, pp 970-971, Oct. 1955. De- 
tector consists of powdered thallium acti- 
vated potassium iodide dispersed in poly- 
ethylene. Recoil protons from polystyrene 
are detected by potassium iodide. Energy 
response of the potassium iodide detector 
is shown to be closer to energy response of 
thick hydrogeneous radiator than that of 
a zine sulfide detector. 


882. “FAST COUNTING SYSTEM FOR HIGH- 


ENERGY PARTICLE MEASURE- 
MENTS,” Richard Madey; Rev. Sci. 
Instr., Vol. 26, No. 10, pp 971-977, Oct. 
1955. Article describes fast coincidence 
counting system for high-energy particle 
measurement using scintillation counter 
pulse-shaping circuit and crystal diode co- 
incidence circuit. Both resolution time 
of system and double pulse separation time 
of individual counters can be as short as 
8 millimicrosec with nearly 100 percent 
efficiency. 


883. “RELAYS FOR CONTROL APPLICA- 


TIONS,” W. Lockwood; Auto. Con- 
trol, Vol. 4, No. 6, pp 13-15, June 1956. 
Factors are presented for proper appli- 
eations of de relays in control circuits, 
Among criteria are power consumption, 
shock and vibration, temperature effects, 
and operate-release times. Classes such 
as voltage-operated, current-operated and 
sensitive are also explained. 


WITH A COMPUTER,” 
John D. Strong; Auto. Control, Vol. 4, 
No. 6, pp 16-19, June, 1956. Technique 
of optimization is explained. Typical data 
sheet is given for a problem in livestock 
feed mix proportioning by this technique. 
Simplex and transportation methods are 
discussed. 


885. “CONTROL TECHNIQUES FOR NU- 


CLEAR REACTORS,” W. D. Whitehead 
and H. A. Samonds; Auto. Control, Vol. 
4, No. 6, pp 20-22, June, 1956. Article 
outlines application of many of the con- 
ventional process instruments to special- 
ized problems of nuclear reactor control. 
Included is valuable table listing com- 
ponent vs its application in the reactor 
control system “package.” 


886. “DEVELOPING A MAINTENANCE PRO- 
GRA 


Napoleon Perkowski; Automa- 
tion, Vol. 3, No. 2, pp 28-33, Feb., 1956. 
Author presents graphical evidence for 
closer look at maintenance cost function. 
A technique is givcn fcr determining the 
average number of maintenance crews 
required for a certain plant in light of 
probable down-time. 
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“A CAVEAT ON COMPUTERS,” E. W. 
Leaver and J. J. Brown; Automation, 
Vol. 3, No. 2, pp 38-42, Feb., 1956. A 
light, but sound approach to the problem 
of where to apply computers in a plant. 
The authors give due recognition to prac- 
tical aspects of the ‘“‘wonder’”’ machines. 


“HOW NUMERICAL CONTROL 
WORKS,” Robert W. Brooks; Automa- 
tion, Vol. 3, No. 2, pp 45-51, Feb., 1956. 
Techniques of “and”, “or”, and “not”, 
are explained in switching and relay 
circuits. Included is a table for binary 
and digital representation and a_ series 
of steps for seria] binary addition. 


“USE RESISTANCE POTENTIOME- 
TERS,” Hollis Gray, Jr.; Automation, 
Vol. 3, No. 2, pp 52-57, Feb., 1956. Sev- 
eral applications given for use of pre- 
cision resistance potentiometers include 
pressure, speed, viscosity, dimensional, 
temperature, liquid level and weight meas- 
urements. 


“ELECTRONICS IN PROCESS CON- 
TROL,” Robert A. Duncan; Automation, 
Vol. 3, No. 2, pp 67-71, Feb., 1956. Au- 
thor points up many worthwhile points 
for consideration of electronic process 
controls in oil refinery applications. A 
cost sheet for an assumed installation is 
included. 


“HOW TO SET THREE-TERM CON- 
TROLLERS,” Geraldine A. Coon; Con- 
trol Engng., Vol. 3, No. 6, pp 71-76, June, 
1956. An approach to control settings 
via reaction curve, closed-loop cycling 
and frequency response curve data. The 
data and techniques presented are results 
of many years of applied research in 
this field by the author and show remark- 
able correlation. 


“WHERE YOU SHOULD USE SERIES 
OR PARALLEL SUMMATION,” 4G. 
Weiss and N. J. Lindner; Control Engng., 
Vol. 3, No. 6, pp 77-83, June, 1956. Dis- 
cussion of relative merits of series vs 
parallel addition and subtraction methods 
in analog computer work. Table included 
helps compare each technique on basis 
of parameters such as equipment needed, 
summing errors, scaling and trimming ad- 
justments, wiring, and impedance levels. 


“WHAT TO LOOK FOR IN ELECTRO- 
HYDRAULIC SERVO VALVES,” B. A. 
Johnson, J. D. Schmid, and J. Warshaw- 
sky; Control Engng., Vol. 3, No. 6, pp 
84-95, June, 1956. An excellent article 
dealing with survey of basic valve types, 
construction, application and specific de- 
sign features. Sections are devoted also 
to system characteristics and their effects 
on servo valve performance. Also four 
references. 


- “A DESIGN METHOD FOR FEEDBACK 


STABILIZING TRANSFORMERS,” H. 
B. James; Control Engng., Vol. 3, No. 
6, pp 96-103, June, 1956. Article treats 
transformers used in de generator-regula- 
tor systems where primary winding of 
transformer goes across excitor output 
and secondary winding is in series with 
regulator coil. Profusely illustrated with 
graphs and tables. Seventeen references. 


“PROCESSING BUSINESS DATA,” 
Charles W. Adams; Control Engng., Vol. 
3, No. 6, pp 105-112, June, 1956. A re- 
view and survey article dealing with basic 
concepts of business data compilation and 
comparison to industrial process data re- 
duction systems. Factors in setting up a 
data file and routine flow sheet for busi- 
ness data processing are presented. Twelve 
references. 
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“NEW APPLICATIONS FOR 
SWITCHING TUBES,” John Beth 
Electronics, Vol. 29, No. 4, PP 122,194 
April, 1956. Description of ten-taney 
beam switching tube includes basic | 
cuit considerations, reset cin 


and transfer-storage circuit application 


“VIBRATION METER USES TRANSIg 
TORS,” John F. Kinkel and M. Carr 

son; Electronics, Vol. 29, No. 4 Wi, 
129, April, 1956. Instrument coven ae 
quency range of 5 to 1000 cps and is 

portable. Temperature compensation 
provided over range of —20 to 1 is 
Frequency response data is included, — 


“TESTING HARDNESS WITH FLUX 
GATE MAGNETOMETER,” J, p. 
and Geoffrey Gray; Electronies, Vo), 9. 
No. 4, pp 142-143, April, 1956. 

of second-harmonic flux gate m 

ter is explained in this article. Applica. 
tion to hardness testing of steel tu! is 
also detailed. 


“SIGNAL-TRIGGERED SWEEP 
NIFIES PULSE WIDTHS,” Rudolph |, 
Kuehn; Electronics, Vol. 29, No. 4 
146-147, April, 1956. Automatic cir, 
for CRO sweep control starts horizonta| 
sweep cycle for each pulse edge at ye. 
tical input. Signal pulse display may jy 
expanded by increasing sweep frequency 
independently of pulse input frequency, 


“PERMANENT-WRITING CATHODE. 
RAY RECORDER,” Louis N. Heynick 
Robert J. Wohl and David H. Andrews: 
Electronics, Vol. 29, No. 4, pp 148149 
April, 1956. Ingenious recorder utilize 
multi-target cathode-ray tube with 
ternal styli. Electrosensitive paper js 
pulled across styli. Linear writing speeds 
of 80 inches/sec and square-wave response 
to 500 cps is claimed, based on deflection 
over 26 targets. 


“ELECTRONIC CIRCUITRY,” Charles PF. 
Keezer and Milton Aronson; Instruments 
& Automation, Vol. 28, No. 12, pp 2102 
2103, Dec., 1955. Four more novel ¢- 
cuits presented by authors of this serie 
include a 10 megohm oscilloscope probe, 
reduced capacity driven shield probe, non- 
ringing probe using cathode follower, and 
water flow safety interlock circuit. Ade 
quate circuit constant data is included, 


“MEASUREMENT OF DAMPING AND 
NATURAL FREQUENCY,” Alvin B. 
Kaufman; Instruments and Automation, 
Vol. 28, No. 12, pp 2104-2108, Dec., 1955. 
Natural frequency, resonant frequency and 
frequency of maximum forced amplitude 
are measured by autaor using step-type 
forcing function and high frequency re 
corder. Basic definitions are presented 
for terms used. Seven references. 


“HIGHLY AUTOMATIC STEAM GEN- 
ERATION,” Herbert W. Peth and John 
A. Kotsch; Instruments and Automation, 
Vol. 28, No. 12, pp 2116-2122, Dec., 1955. 
Design features are presented for a steam- 
generating facility at a by-product plar: 
of a major steel producer. Systems a 
broken down and individually described. 


“MEASURING BY-PRODUCT YIELD OF 
COKE OVENS,” F. R. Pullen; Instr 
ments and Automation, Vol. 28, No. 12, 
pp 2123-2125, Dee., 1955. Experiences of 
the author with foul gas measurements 
points out many practical problems. Com 
parisons are made between orifice and 
various forms of venturis. 


“HOW TO CONTROL A BOILING RE 
ACTOR,” John MacPhee ; Nucleonics, Vol. 
13, No. 12, pp 42-45, Dec., 1955. Control 
of boiling water reactors is complicated 
because of changes in moderator density. 
Author uses servo analogy as tool for 
predicting reactor trends. Six references. 


“SIMPLE FALL-OUT METER USES 
CDS,” C. C. Klick, H. J. Peake, P. t 
Cole, H. Rabin, and J. J. Lambe; Ne 
cleonics, Vol. 13, No. 12, p 48, Dec., 1955. 
Meter using common components is sens 
tive over 0.1 to 1000 r/hr range. En 
ergy dependence was checked with x-rays 
and co-60 rays. Ten references. 


BEAy 








Next month’s issue of the ISA Journal, Nov., will contain a complete 
report of ISA’s 11th Annual Instrument-Automation Conference and Ex- 
hibit held at New York City’s new Coliseum, September 17-21. 
feature highlights of exhibit activities, conference events and society 


affairs with illustrations and editorial text. 


It will 
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rence attracted reporters 
= Contnewepapers and technical 
= azines in the nation. Shown at 
maerelude’ conference on Thursday 
before the Show opened is the panel 
which answered questions and com- 
mented for publication. Lioyd Slater, 
moderator of the panel; John Johns- 
ton, Jr. of duPont representing the 
user; Prof. John Ragazzini of Colum- 
bia University representing advanced 
education; Dr. Robert Jeffries, rep- 
resentin training problems; Dr. 
Elmer Engstrom, representing re- 
search and development; and Robert 
Sheen, representing makers of auto- 


mation equipment. 








“Dynamic Success” Describes the 11th Annual ISA Instrument- 
Automation Conference and Exhibit--over 36,000 Attendance 


Every member of ISA can be proud of the success en- 
joyed by the 1/th Annual ISA Show at New York Coliseum 
last month. From start to finish every event and activity 
at this mammoth meeting attracted enthusiastic crowds of 
people eager to find out more about the fast moving field 
of instruments and automatic control. A record crowd of 
more than 36,000 persons registered and attended—screened 
and controlled to include only those who have a profes- 
sional concern in the field. 

Words do not adequately describe the eagerness, zest 
and almost explosive professional enthusiasm for the pos- 
sibilities that are ahead for us. The “old pros” in the 
instrument game say this was by far the best show they 
have ever seen. They further comment that it is almost 
impossible to realize the tremendous progress which the 
instrument and control field will enjoy during 1957. The 
significant number of individuals in top management from 
production, engineering, and administration attending both 
the exhibit and technical programs verifies the continued 
upsurge of interest by these groups in what instruments 
and controls can do. This new sense of responsibility 
coupled with a record expenditure for plants and equipment 
signals fast action for 1957. 

Practically every event was “sold out’”—with far more 
attendance than best estimates. The technical conference 


Data Handling 
Workshop ses- 
sion with a 
record crowd 
of participants, 
arms raised in 
response to a 
question from 
~ panel. Al- 
ough meetin 
of this con- ™ 
ference activity 
involved large 
attendance, in- 
formal question 
and discussion 
ielded stimu- 
ating com.. 
mentary in the 
field of data 
non and 
data reduction. 
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programs attracted well over 2000 persons. The higher 
conference registration fee, which included a copy of the 
1956 Proceedings, offered no apparent problem to attend- 
ance. The quality of the presentations and nature of the 
questions and discussion pointed to a continued maturity of 
the subject and scope of the technical programs. 

The clinics and workshop enjoyed a banner attendance 
with equal enthusiasm. One expression of the trend sums 
the situation very well—‘“instrumentation and automatic 
control is very rapidly growing from an art to a science.” 
Sitting in on the analytical instruments clinic sessions and 
the data handling workshop sessions one is left with the 
impression that big things are happening fast—both at the 
user end and the manufacturer end. 

Committee activity in affairs of the Society was at an 
all time high at the New York Meeting. Virtually every 
national committee conducted a meeting. Headed by lead- 
ers in the field, these committees approached problems and 
plans with command and decision. JSA is fortunate as it 
continues to attract experts and authorities into its com- 
mittee structure who volunteer their services and know- 
how for benefit of the art and science of instrumentation 
and automatic control. This is one of the strongest indica- 
tions of the success which the Society continues to enjoy. 
(See November issue for complete ISA Show report) 














ISA to Co-Sponsor 
Conference Next Month 


ISA will band together with the In- 
stitute of Radio Engineers and the 
American Institute of Electrical En- 
gineers in co-sponsoring the Ninth An- 
nual Conference on Electrical Tech- 
niques in Medicine and Biology. The 
Conference will be staged November 
7-9 at New York City’s Governor Clin- 
ton Hotel. 

The purpose of this annual meeting 
is to bring together electrical engi- 
neers and medical doctors, biologists 
and electronic instrumentologists, ra- 
diation physicists, radiologists, etc., to 
discuss the latest electrical and elec- 
tronic techniques in biology and medi- 
cine, and to arrange symposia on cur- 
rent problems. 


There will be two days of technical 
sessions with an evening symposium 
on the first day, and a one day field 
trip to Brookhaven National Labora- 
tory. The tentative program is: 


Morning Session, November 7 


Panel discussion and purpose on In- 
strumentation for Cardiology. Con- 
tributed papers are: 

A Cathode-Ray Cardiograph, by C. 
E. Webb, Allen B. DuMont Labora- 
tories, Inc. ' 

High Voltage Condenser Discharge 
as a Means of Cardiac Resusci- 
tation in Ventricular Fibrillation, 
by George S. Shields, Ridgewood, 

J. 


N. 


Afternoon Session, November 7 


Panel discussion on Methods and 
Standards for Measurement of Elec- 
tron Beams. 


Evening Session, November 7 


Lecture and discussion on The Phi- 
losophy Underlying Radiation Pro- 
tection, by Lauriston S. Taylor, 
Chief, Division of Atomic and Ra- 
diation Physics of the National Bu- 
reau of Standards. 


All day November 8 


Field trip to Brookhaven National 
Laboratory with emphasis on ra- 
diation protection problems. 


Morning Session, November 9 


Panel discussion on Design of In- 
struments for Research in Artificial 
Respiration. 


Afternoon Session, November 9 


Session on Instrumentation in Medi- 
cine and Biology. Among papers 
to be presented are: 

Artificial Respiration Control, by 
L. H. Montgomery, Vanderbilt Uni- 
versity. 


A New Type Electroencephalograph 


Wave Analyser, by R. Levine, 
Edin Corp. 
For more information contact E. 


Dale Trout, General Electric Co. X- 
Ray Dept., 4855 Electric Ave., Milwau- 
kee, Wis. 
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George Hall Joins Journal Staff as Assistant Editor 


George A. Hall, manager of educa- 
tion at the Bristol Co., Waterbury, 
Conn., will join the national office 
editorial staff of the ISA Journal this 
month as assistant editor. He brings 
to the staff many years experience 
with technical writing in the field of 
instrumentation and automatic con- 
trol. 


Mr. Hall is a member of the Connec- 
ticut Valley ISA Section and has been 
associated with the instrument and 
automatic control field since gradua- 
tion from the University of Wisconsin 
in 1932. . 


The new ISA Journal assistant edi- 
tor joined the Bristol Co. in 1939 and 
has worked in such capacities as 
technical editor; head of instruction 
manual department; installation and 
start-up of instruments and controls 
at a lend-lease plant in Soviet Russia; 
sales promotion; and in the New York 
City sales office. 


Prior to joining Bristol he was with 





the General Electric X-Ray Corp., and 
the Central Scientific Corp. 





Membership Year Now ISA 


All members will now be placed on 
a common membership year basis, 
which is the Society’s fiscal year—No- 
vember 1 to October 31. This change 
in the By-Laws was passed by Council 
in 1955 and becomes effective Novem- 
ber 1, 1956. 

Current members are being billed at 
the necessary adjusted rates to con- 
vert their anniversary of admission 
year to the fiscal year basis. Thus 
members whose admission month is in 
October are being billed $13.00 (full 
grade) to carry them through Oct. 31, 
1957. Those whose anniversary was 
November, will be invoiced $12.00; 
those of December, $11.00; those of 
January, $10.00; and so on. Other 
classes of membership will be billed 
likewise for their lower annual dues 


Fiscal Year 


rates. 


Sections will be refunded on the 
same proportion for the adjusted pay- 
ments of dues as prevails for the full 
year’s dues of their members. 


New members who enrol after Nov. 
1, 1956 are still required to pay a full 
year’s dues with their membership ap 
plication. When Noy. 1, 1957 comes 
around they will then be billed on the 
same adjusted basis to bring them 
onto the fiscal year ending Oct. 31, 
1958. 

New members who sign up during 
September and October of this year 
will be given membership cards carry: 
ing them to Oct. 31, 1957, thus gait 
ing a month or two of free member 
ship. 





Council Reduces Foreign Member Dues 


At its meeting during the //th An- 
nual Instrument Automation Confer- 
ence and Exhibit in New York City 
last month, Council cast an amend- 
ment to the By-Laws which reduces 
the yearly dues of Foreign Members to 


$12.00 per year. 


This is effective immediately for 
both renewals and new members. 
Dues for these members have pre 
viously been $20.00 per year. 
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Details Announced for Automation Exposition 


Details of the 54 clinics to be given 
during the Third International Auto- 
mation Exposition, November 26-30 at 
the New York Trade Show Building, 
have been announced. 

Each of the clinics will have six 
separate sessions with attendance at 
each session limited to 10 to 25 per- 


sons. There will be two sessions each 
morning. Registration fee for a maxi- 
mum of six sessions is $10.00. The 
six sessions may be chosen from any 
of the 54 clinics. 

For more information contact Rich- 
ard Rimbach Associates, 525 Lexing- 
ton Ave., New York 17. 





IRE Instrument Conference 


Industrial, radiological, aircraft, and 
laboratory instrumentation as well as 
the application of solid-state devices 
will be feature topics covered at the 
ond IRE Instrumentation Conference 
scheduled for December 5-7 in Atlanta, 
Ga. 

Thirty papers authorized by 38 lead- 
ing authorities in the field of instru- 


in Atlanta 


mentation will be presented at this 
year’s conference at the Atlanta Bilt- 
more Hotel. It is sponsored by the 
Professional Group on _ Instrumenta- 
tion and the Atlanta Section of the In- 
stitute of Radio Engineers. Contact 
R. B. Wallace, Georgia Tech Engineer- 
ing Experiment Station, Atlanta 13, 
Ga. 





RETMA Symposium on Applied Reliability 


A symposium on Applied Reliability 
will be sponsored by Radio-Electronics- 
Television Manufacturers Assn., De- 
cember 19-20 at Bovard Hall, Univer- 
sity of Southern California. 

Sessions on Mechanical Reliability, 
Information Feedback, Component 


Evaluation Usage will be presented. 
A highlight of the meeting will be an 


evening panel session on “Failure 
Feedback—Is It Effective.” For in- 
formation contact RETMA Engineer- 


ing Office, 11 W. 42nd St., New York 
36. 


Atlanta Meet Features 
Top Nuclear Papers 


A program of top-notch technical 
papers in the nuclear field is expected 
to draw an international audience at 
the ISA National Nuclear Instrumen- 
tation Conference and Third South- 
eastern Regional Exhibit. The event 
will be held April 10-12 at the Atlanta- 
Biltmore Hotel, Atlanta, Ga. 


The three-day program of papers 
will include sessions on instrumenta- 
tion of nuclear power plants, several 
types of reactors, manufacture of 
nuclear fuels, unclassified military ap- 
plication of nuclear instruments to in- 
dustrial requirements. 


Under the direction of Dean Joseph 
Weil, of the University of Florida, 
ISA’s newly-appointed Director of the 
Nuclear Industry Division, papers of 
eminent scientists, engineers, and ad- 
ministrators are being invited for pre- 
sentation. For more information con- 
tact H. S. Kindler, Director of Tech- 
nical Programs, Instrument Society of 





America, 313 Sixth Ave., Pittsburgh 
22, Pa. 
Next month’s issue of the ISA 


Journal will contain a complete report 
of ISA’s 11th Annual Instrument-Auto- 
mation Conference and Exhibit held at 
New York City’s new Coliseum, Sep- 
tember 17-21. It will feature highlights 
of exhibit activities, conference events 
and society affairs with illustrations 
and editorial text. 
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The New York Conference and Ex- 
hibit outstripped all predictions. Over 
36,000 people visited the Show. Ex- 
hibitors commended both the quantity 
and “quality” of the visitors. Every- 
one was impressed with the attractive- 
ness of the displays and the great 
variety of instrument products and 
control systems. 


The Conference was extremely well 
received. The papers were of unusual 
interest. New features such as the 
Management Symposium and_ the 
Human Engineering Sessions were all 
well attended. Despite the several lo- 
cations for our various Conference ac- 
tivities, the registrants found their 
way around the “sidewalks of New 
York” without a road map of the sub- 
ways, elevators, escalators, and stair- 
ways which were encountered in get- 
ting into a session room. 

Next month’s issue of the ISA Jour- 


nal will detail all the activities during 
Show week. 
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The Ladies Committee offered a 
most interesting program, and were 
overflowed with requests for the lim- 
ited number of tickets for their vari- 
ous events. 

The joint New York-New Jersey 
Host Committee staffed all the regis- 
tration, properties, reception, banquet 
and other activities with amazing 
competance and cooperation. 


Everyone helped and they were all 
needed to handle the largest turnout 
of members and guests ever exper- 
ienced by ISA. While there were a 
number of rough spots and confusion 
areas, everyone took these situations 
pleasantly, appreciating that some- 
times the best of plans get fouled in 
the execution. 


ISA was the focus of newspaper and 
trade magazine publicity. The earth 
satellite model was not only a carrier 
of instruments, but gave ISA an extra 
vehicle for bringing our meetings and 
displays to the attention of the tech- 
nical public. 


The official meetings of the Society 
were well attended and were con- 
cluded without much _ controversy 
about current policies or future plans. 
The new officers were elected by ac- 


claim and were at work on their new 
responsibilities even before election. 


The Foundation for Instrument Edu- 
cation and Research was endorsed by 
the Council and funded with about 
$4,000 by various contributors. 


The campaign of the Sections and 
Membership Committee brought in 
several hundred new members who 
signed up at the Show. 

In all, ISA’s 11th Annual Instru- 
ment-Automation Conference and Ex- 
hibit was a huge success. An informal 
canvass of members and exhibitors 
yielded an enthusiastic “yes” to the 
question of whether or not we should 
return to New York City in 1961. 

Meanwhile, our energies must now 
be directed first to planning the 
Regional Conference and Exhibit in 
Atlanta in April 1957 and then to the 
Annual Conference in Cleveland in 
September 1957. We have gained 
prestige and experience at this New 
York Show and hope to continue to 
capitalize on these for our future pro- 
grams. 




















Philadelphia Symposium Next Month 


to Feature ABC’s of Data Logging 


A series of 12 papers evaluating “Automatic Data Log- 
ging” systems from the viewpoints of management, labor, 
production and finance will be presented at the Philadel- 
phia Section’s Symposium, November 7-8. The two-day 
annual event will be staged at the Bellevue-Stratford Hotel 
in the city of Brotherly Love. 

Subjects and speakers have been selected for their abili- 
ty to draw a broad well-rounded picture of this latest trend 
in instrumentation. The Section has extended a blanket 
invitation to all business groups interested in automatic 
data logging systems. The following program indicates 
the scope of interests covered: 


Introduction to Process Logging, by John E. Read, E. I. 
du Pont de Nemours & Co., 

Basic Definitions, by W iliam: “F. Kamsler, Fischer & 
Porter Co. 

Primary Elements and Transducers, by Jolin V. Werme, 
Metrotype Corp. 

Analog-to-Digital Conversion, by Taylor C. Fletcher, 
Beckman Instruments, Inc. 

Major Output Forms, by Saul Meyer, Minneapolis- 
Honeywell Regulator Co. 

Digital Data Logging for Nuclear Power Plant Use, by 
E. L. Francis, General Electric Co. 

Data Logging Systems as a Direct Source of information 
for Process and Accounting Calculations, by D. Stevens, 
W. Doherty and A. Freilich, Burroughs Corp. 
Economic Justification for Use of Automatic Bata Log- 
ging Systems, by Philip F. Gilman, Taylor Instrument 
Companies. 

Present Limitations of Data Logging Systems, by Harry 
Moore, Esso Research and Engineering Corp. ; 
Saee History of an Installation, by Emil Ebner, Standard 
Oil Co. 

The Future of Data Logging in the Process industries, 
by P. W. Knaplund, International Business Machine 
Corp. 

Data Logging, Labor and Automation, by T. F. Silvey, 
American Federation of Labor—Congress of Industrial 
Organizations. 


The technical sessions will be augmented by an “Instru- 
ment Fair” at which leading manufacturers will exhibit 
the latest automatic measurement, control and data han- 
dling equipment. For more information contact Horace 
Richter, Fischer & Porter Co., 29 Bala Ave., Bala-Cynwyd, 
Pa. 
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Chicago Section Co-Sponsors 


Instrument and Control Courses 






The Chicago Section, in cooperation with the Uniy 
of Illinois, is sponsoring two courses entitled “Instry 
Operating Principles and Structures” and “Instrument Ap 
plication in Control Systems.” 


The two courses, which started last month, will run g 
multaneously and consist of 11 three-hour sessions. 
are designed for the instrument engineer, the instrument 
technician, the process engineer or anyone whose work i 
fringing on or heading for these fields. 


The Instrument Operating Principles and _ Structup 
Course covers the many types of instrument elements work, 
the physical principles behind them and other special fe 
tures. 

The other course will delve into the many aspects of cop 
trol systems planning, including classification and diagram. 
matic representation of open loop and closed loop contro, 
Frequency response method of analysis, ceatrol adjustment 
methods, etc., will also be covered. 

For information contact T. H. Dekker, Illini Center—Ig 
Salle Hotel, Chicago 2, Ill. 


New Jersey Section Announces 


New Educational Program 


“Electronics Course for Instrument Engineers” is the 
title of an educational program announced by the New 
Jersey Section for 1956-57. It will consist of a review of 
electric and electronic theory and the functioning of typi 
cal electronic instrument circuits as well as an interpreta 
tion of schematic wiring diagrams. 

Plans are to have RCA Institutes furnish the instructor. 
Approximately 10 sessions of 2% hours each will be used. 





BOARD OF DIRECTORS recently 
elected at the Northern wri 
Section are (left to right): Alex M 
Wayne, Membership Chairman; Al- 
lan E. Lee, President; E. F. Schim- 
bor, Co-Chairman Manufacturer’s 
' Night; K. E. Hallikainen, Vice- 
: President; John T. Kirkland, Sec- 
retary; Norman Austin, Treasurer; 

) Richara Hungerford, Empioyment 
Chairman; J. H. Van Dyke, Pub- 

| licity Chairman; A. arpenter, 
National Chairman; Peter Haag, 

| Program Chairman; K. W. John- 
son, Education Chairman. 
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Personal Totes 


The most interesting thing to most people — is other people 





Jerry Stebbins 


Fisher Governor 


Fred Crabbe 


Fisher Governor 





W. L. Besselman 
Leeds & Northrup 


Robert H. Cherry 
Leeds & Northrup 


Fisher Governor Co., Marshalltown, 
lowa, has appointed Fred Crabbe and 
Jerry Stebbins, members of the New 
Jersey Section, as sales representa- 
tives for New York and the surround- 
ing territory. Their organization will 
be known as Crabbe & Stebbins Co., 
with offices in Engelwood Cliffs, N. J., 
and Albany, N. Y. 


Leeds & Northrup Co. has an- 
nounced the appointment of Robert 
H. Cherry as associate director of re- 
search and development, in charge of 
research. Cherry had been chief of 
the chemical division of the research 
and development department. He is a 
member of the Philadelphia Section. 


Joseph L. Borden, a member of the 
Fairfield County Section, has been 
named head of the infrared instru- 
ment development section of the 

ngineering & Optical Division, Per- 
kin-Elmer Corp. He will be concerned 
Primarily with the development of in- 
frared reconnaissance instruments. 
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H. H. Kieckhefer 


Wheelco Instruments 





Joseph L. Borden 
Perkin-Elmer Corp. 


Wayne L. Besselman has_ been 
named coordinator of technical em- 
ployment at Leeds & Northrup Co. 
Besselman, a member of the Phila- 
delphia Section, was formerly section 
head in charge of development and 
production engineering on heat treat- 
ing furnaces. 


x *« * 


H. H. Kieckhefer, a member of the 
Chicago Section, has been appointed 
sales manager of the Wheelco Instru- 
ments Division of Barber-Colman Co. 
He was formerly assistant sales man- 
ager and boasts over 20 years of en- 
gineering and sales experience in the 
field of automatic controls. 


Appointment of Donald B. Schneid- 
er as manager of the Los Angeles dis- 
trict sales office of Consolidated Elec- 
trodynamics Corp. was announced. 
Schneider is a member of the Los 
Angeles Section, and succeeds W. M. 
Hawkins, newly-appointed manager 
of the training section. 


Promotion of Eugene Pettler to 
manager of the Seattle district sales 
office of Consolidated Electrodynamics 
Corp. has been announced. Pettler, a 
member of the Seattle Section, had 
been a resident field engineer in 
charge of the office since it was es- 
tablished in 1954 to serve users of 
CEC electronic instruments. 


x & ® 


C. E. Green, a member of ISA, has 
been promoted to take charge of the 
recording instruments section of the 
Leeds & Northrup Co. Market Devel- 
opment Division. 


Cleveland Section 
Co-Sponsors Basic 
Instrumentation Course 


The Cleveland Section is cooperating 
with the Technical Institute of Fenn 
College in the presentation of a course 
on Basic Instrumentation. Sessions 
will be held one evening a week for 
16 weeks, and are designed to intro- 
duce the technology of instrumenta- 
tion to persons desiring to enter the 
field. 

Subjects to be covered during the 
16-week period are: history of instru- 
mentation; definitions and variables; 
measurement vs. control; temperature 


measurement — mechanical; tempera- 
ture measurement — electrical; pres- 
sure and level measurement; flow 


measurement; recording instruments; 
introduction to automatic control; 
pneumatic control; and electric con- 
trol. 

An advanced course in instrumen- 
tation will be offered later upon de- 
mand. 


e Members of the Baltimore Section 
heard George N. Brancato, meteorolo- 
gist in charge U. S. Weather Bureau, 
Friendship International Airport, 
speak on “The Weather” at their Sep- 
tember 14 meeting. 


e W. K. Woolery, electric heating con- 
sultant with the Kansas Gas and Elec- 
tric Co. spoke on “The Story of Elec- 
tric Space Heating” at the September 
10 meeting of the Wichita Section. 
This meeting opened the new season 
for the Section. 


e Rocketdyne Division of North 
American Aviation, Inc., were hosts 
for a tour of their Propulsion Field 
Laboratory by members of the Los 
Angeles Section on October 10. The 
elaborate and extensive instrumenta- 
tion facilities as well as actual en- 
gine firing were viewed. 


e “Instrumentation for Jet Engine 
Testing” was the subject of a talk by 
K. F. Wacker, of General Motors Corp. 
at the September 11 meeting of the 
Indianapolis Section. 


e L. E. Cuckler, of Fielden Instrument 
Division, Robertshaw-Fulton Controls 
Co. addressed the September 26 meet- 
ing of the Cumberland Section. He 
spoke on “Capacitance and its Uses as 
a Versatile Measuring Means.” 


e “Turbine Supervisory Control” was 
the subject of a talk by Michael Ci- 
gandi, steam control supervisor, West- 
inghouse Electric Corp., Philadelphia, 
at the September 10 meeting of the 
Northern California Section. 
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LAST MONTH’S ROSTER 


CENTRAL KEYSTONE 
Robert F. Babcock, Valvair Corp. 
Grover B. Gourley, Bethlehem Steel Co. 
Ross W. Ingraham, U. S. Government 
William R. Leitzel, U. S. Air Force 
CHICAGO 
H. A. Field, Western Electric Co. 
Henry A. Hart, Industrial Control Panel Co. 
James R. Irving, Scientific Apparatus Makers 


Assoc. 
Orville I. Thompson, DeVry Technical In- 
stitute 
CINCINNATI 
Ernest F. Doxsey, B. A. Walterman 
Robert Pfister, Manning Maxwell & Moore 
John N. Runge, R-K Electric Co. Inc. 
Albert C. VanArsdale, National Lead of Ohio 
David A. Westerkamp, R-K Electric Co. Inc. 
CLEVELAND 
Frank J. Dolesh, Jr., Leeds & Northrup Co. 
James J. Shipman, B. F. Goodrich Research 
Center 
William P. Barcroft, General Electric Co. 
COLUMBUS 
Henry N. Jasper, Ohio State University 
H. B. Thompson, Battelle Memorial Institute 
HOUSTON 
Charles Corsentino, Jr., Dow Chemical Co. 
Stokes N. Huntley, Tellepsen Petro-Chem. 


Constructors : 
Richard C. Halter, Humble Oil & Refining 


Co. 
Jack L. Rudder, Dow Chemical Co. 
LOS ANGELES 
Russell L. Kernan, Wm. I. Mann Co. 
Robert E. Luke, Ramo-Wooldridge 
P. O. Vulliet, Douglas Aircraft Co. 
LOUISVILLE 
Francis J. Ballard, Jr., Taylor Instrument 
0. 
MILWAUKEE 
E. T. Higgons, E. T. Higgons 
rt Loewe, Allis Chalmers Mfg. Co. 
Edward H. Majewski, Johnson Service Co. 
MOJAVE DESERT 
Roy W. Bastin, Allison Div. of G.M.C. 
Walter L. Blue, U. S. Air Force Flight Test 


Center 
Elmer L. Gable, U. S. Air Force Flight Test 
Center ‘ 
Clinton F. Harman, Electronic Engineering 
Co. 
NEW ORLEANS , 
Gerard D. Symms, American Cyanamid Co. 
NORTHERN INDIANA 
Ralph F. Huisinga, Instrument Assoc. 


PADUCAH 
Forrest R. Edwards, U.C.N.C. 
PENSACOLA 
Robert J. Craig, Thompson Equipment Co. 
PERMIAN BASIN 
William S. Farmer, Monterey Oil Co. 
PHILADELPHIA 
Louis H. Aricson, Fischer & Porter Co. 
Joseph J. Smith, Kline & French Lab. 
Clyde T. Moyer, Jr., Baldwin-Lima-Hamilton 
Corp. 
James D. Price, Publicker Industries Inc. 
Edward W. Sullivan, Barber-Colman Co., 
Wheeleo Inst. Div. 
RICHLAND 
Hugh W. Ward, General Electric Co. 
William W. Lundquist, National Aniline 


Div. 
Francis M. Wakefield, American Oil Co. 
ROCHESTER 
John E. McCarthy, Taylor Instrument Co. 
K. F. Piotter, Eastman Kodak Co. 
SEATTLE is 
Karl H. Kaiser, City of Tacoma, Light Divi- 
sion 
TWIN CITIES 
Herbert N. Mahle, Ramsey Engineering Co. 
FOREIGN 
Karl Zappert, Industrias Klabin do Parana 
de Celulose Rua 15 de Novembro 556, 
Curitiba, Parana Brasil 


NEW ROSTER 


AKRON 
Robert C. Ferguson, Lester-Johnson Co. 
William Nash, Minneapolis-Heneywell Reg. 
Co. 


ALBUQUERQUE 
William W. MacDonald, Douglas Aircraft 
Co., Inc. 
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>new members 








ARK-LA-TEX 
Leland C. Ferguson, Convair 
Ben S. Hiers, Southwest Oil Tool Sales & 
Service Co. 


ATLANTIC 
Kenneth A. Riddle, Rome Kraft Co. 
BOSTON 
Edward Chalmers, Jr., Great Northern Pa- 
per Co. 


C. John McCreery, Mason-Neilan Div. of 
Worthington Corp. 
CENTRAL ILLINOIS 
Henry A. Karels, Jr., The Foxboro Co. 
CHICAGO 
Arthur D. Clark, Charles Engelhard, Inc. 
Joseph J. Gershon, DeVry Technical Insti- 
tute 
CINCINNATI 
Charles H. Callier, The National Cash Reg- 
ister Co. 
Isaac M. Crace, Bendix Aviation Corp. 
Robert L. Feyh, Bendix Aviation Corp. 
William J. Laudeman, General Electric Co. 


CLEVELAND 
Allen Silvi, Diamond Alkali Co. 
Paul K. Snow, General Electric Co. 


COLUMBUS 
Russell B. Seely, North American Aviation 
William G. Swarner, Ohio State University 


EASTERN NEW YORK 
Francis B. Foody, General Electric Co. 
Henry J. Havlicek, Jr., General Electric Co. 
John C. Westcott, General Electric Co. 


HOUSTON 
Olis C. Coleman, The Dow Chemical Co. 
Emery M. Davis, Shell Chemical Corp. 
Luther J. Gibson, Foster Wheeler Corp. 
Billy B. Hindman, The Dow Chemical Co. 
James W. Hunt, Victoria Electronics, Inc. 
William C. Martin, Texas Butadiene & 
Chemical Corp. 

Fred H. Moore, The Dow Chemical Co. 
Rudolph T. Schurwon, Monsanto Chemical 


Co. 

William Thorrat, Jr., Wheelco Instrument 
Div. Barber Colman Co. 

A. Paul Williams, Houston Technical Lab- 
oratories 


INDIANAPOLIS 
= E. Fields, Allison, G.M.C., Plant 
o. 8 


LOS ANGELES 
George H. Blount, University of South. Cali- 
fornia Engineer Center A.T.D. 
Arnold D. Bogart, Bogart-Bullock Co. 
Ward B. Brewer, Lockheed Aircraft Corp. 
Vernon Oliver Bryan, Summers Gyroscope 


oO. 
William M. Clark, Summers Gyroscope Co. 
George W. Cubberly, Servomechanisms 
Val Eckholdt, Northrop Aircraft Co. 
— C. Freck, North American Aviation 
ne. 
Frank G. Gleason, Wm. I. Mann Co. 
Russell E. Loftman, North American Avia- 
tion, Inc. 
Robert E. Margolies, Arnoux Corp. 
Theodore R. Naimy, Lear Inc. 
Montgomery Phister, Jr., The Ramo-Wool- 
dridge Corp. 
Hugo E. Shane, Librascope, Inc. 
Jay F. Silva, Titanium Metals Corp. of 


America 
Delbert C. Unruh, Dept. of Water and Power 
MEMPHIS 
Grayson J. Clark, Jr., Bailey Meter Co. 
NEW JERSEY 


Leo Adelson, Picatinny Arsenal 

Donald B. Barbieri, Curtiss-Wright Corp. 

Charles D. Berry, G. Curtis Engel & Asso- 
ciates Inc. 

John P. Brogan, G. M. Giannini Co. 

Xavier A. Bulin, Thermo Electric Co. Inc. 

William F. Conway, Picatinny Arsenal 

Richard C. Davis, Federal Telecommunica- 
tion Labs. 

Robert W. Deichert, Allen B. DuMont Labs. 

Gerald E. DeVera, Picatinny Arsenal 

Enoch J. Durbin, Princeton University 

G. Curtis Engel, G. Curtis Engel and As- 
sociates Inc. 

Richard G. Ford, Mechanical Specialties Co. 

Rick Freund, G. Curtis Engel 

—- F. Garry, Jr., Dumont Research 
ab. 

Richard M. Gutter, Picatinny Arsenal 

Arthur H. Hansen, G. Curtis Engel & Assoc., 


Inc. 

Claude E. Jones, Jr., Federal Telecommuni- 
cation Labs. 

Donald R. Keiran, Curtiss-Wright Corp. 





Frank A. Kemp, Jr., Reaction Moto: 
George F. Landfear, G. Curt 3 Ine, 
meen, Ine. saa. Engel ‘ 
erbert I. Lewis, Picatinny Ars 
Waldemar H. Mayer, Curtiss-Wright 
Eugene A. Mehnert, Potter Aero Co, 
H. C. Nightingale, Picatinny Arsenal 
yo ag ene Arsenal 
rthur D. Rissmiller, Eclipse Pj 
Bendix Aviation oe Fi 
Frank Scrable, Reaction Motors Ine 
Eugene Michael Serra, Reaction Mote 
Nicholas F. Servidio, Reaction Moto 
Joseph Shifman, Princeton University 
Stephen A. Smith, Picatinny A 
Harold K. Spaulding, Curtiss-Wright 
Paul A. Sutton, Peabody Engineering Corp, 
wag Rg Rng Reaction Motors Ine, 
P - Von Hagen, Minnea: lis-Honeywel 
Reg. Co. me 
H. E. Van Hoesen, Research-Cottrell, Ine 
Elwood C. Walker, Curtiss-Wright Propeller 


Dn. 
Ralph E. Willison, Research-Cottrell, Ine, 


NEW ORLEANS 
William F. Kingsmill, American Cyanamig 
Co. 


NEW YORK 
Eugene Goltz, Grumman Aircraft Engines. 
ing Corp. 
Charies F. Hammer, Student 
Michael Haymes, East Coast Valve & Fit 
ting Co., Inc. 
Warren Kenny, Grumman Aircraft Cor, 


NORTHERN CALIFORNIA 
Yhemas E. Gahafer, General Controls Co, 


NORTHERN INDIANA 
Lawrence E. Singleton, American Mai 
Products Co. 


OAK RIDGE 
Paul W. Hill, Union Carbide Nuclear Co, 


PADUCAH 
Anderson T. Downs, Union Carbide Nuclear 


Co. 

— W. Mabry, Union Carbide Nuclear 
orp. 

Frank B. Potts, Jr., Tenn. Valley Authority 


PENSACOLA 
James W. Harrison, Jr., Chemstrand Corp. 


ST. LOUIS 
John T. Golom, Monsanto Chemical Co. 


SAN DIEGO 
Ethel L. Coley, Ryan Aeronautical Co. 
L. E. Cox, Convair 
Albert S. Craig, Convair 
John F. Crane, Convair 
Clairdon E. Cunningham, Convair 
William H. Sidcher, General Dynamics— 
Convair 
Edward C. Hendricks, Convair 
John Allan Hughos, Convair 
Jay J. Kimose, Convair 
Francis Xavier Marshall, Jr., Convair 
Ralph W. Michelson, Convair 
Clarence Mitchell, Convair 
Robert S. Robbins, Ryan Aeronautica! Co. 


SOUTH BEND a 
Carl B. Leslie, Bendix Products Missile 
Section 


TAMPA BAY 
H. E. Easterwood, Florida Power Corp. | 
Roger MacNamara, Fulton Sylphon Div, 
Robertshaw-Fu!ton Controls 


TORONTO 
William W. Barratt, Avro Aircraft Ltd. 
Keith W. Doherty, Ryerson Institute of 
Technology 


TULSA 
Thomas B. Lowary, Vinson Supply Co. 
Robert O. Whitson, Minneapolis-Honey 
Reg. Co. 
TWIN CITIES 


Arthur B. Olson, Ramsey Engineering Co. 
Harley W. Schultz, Ramsey Engineering 
WASHINGTON 
Joseph C. Fiege, Weston Electrical Instre 
ment Corp. 
John M. Magida, Davies Labs. Inc. 


WICHITA 
August J. Dettbarn, Boeing Airplane Co 
MEMBER AT LARGE 
Gordon C. Fowler, Jr., Clark Equipment > 
E. N. McDowell, Jr., E. I. du Pont 


Nemours & Co. J 
William Shepherd, Aeroproducts Operations 


Allison Div., G.M.C 
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7 Industry Notes 





Modular Test Consoles Used in 
Calibrating Large Numbers at CEC 





CEC’s modular test console 


The task of calibrating large numbers of unbounded- 
strain-gage pressure transducers at Consolidated Electro- 
dynamics Corp., Pasadena, Calif., is accomplished by sev- 
eral modular test consoles such as the one illustrated. 

Major units of each system consist of a SADIC (Analog- 
to-digital converter), an Electromanometer, and two vacu- 
um forepumps to supply an absolute pressure reference to 
the Electromanometer and sub-atmospheric pressures to the 
transducers being tested. A low-voltage, regulated dc power 
supply provides excitation for the strain-gage bridges. As- 
sociated pressure regulating, adjusting, and switching 
equipment makes available to the operator, by a mere turn 
of a dial, pressure standards in the ranges of 1, 5, 15, 60, 
150 and 500 psi absolute, gage or differential. 

The excitation supplied to the transducer bridges is re- 
duced to the millivolt level by an accurate voltage divider 
and monitored in digital form. 

The testing and calibration techniques are part of manu- 
facturing operations. Object is to provide the flight-test 
engineer with more accurate devices so that he in turn can 
get more accurate data from tests. Method could be dupli- 
cated in the field. 


Circle 1N on Readers’ Service Card 





New NBS Hand Computing Device 
Calculates Water Content of Gases 


A simple hand computing device for rapidly calculating 
the water content of gases has been developed at the Na- 
tional Bureau of Standards. In connection with the Bu- 
reau’s method for determining moisture in gases, the com- 
puter has been used by the armed services to calculate the 
water content of aviator’s oxygen, rocket fuels and fire ex- 
tinguisher gases. 

The computer, of the circular slide-rule type, is designed 
primarily to calculate water content and dew-point of gases 
from observations of the electrical conduction of a hygro- 
scopic film as it absorbs water vapor. Corrections are au- 
tomatically made for deviations from the ideal laws relat- 
ing to vapors in gases. 

Circle 2N on Readers’ Service Card 


New Ultrasonic Rate Inspection 
Simulator for Training Developed 


An inexpensive ultrasonic rotor inspection simulator for 
the training of ultrasonic inspectors of large turbine and 
generator rotor forgings has been developed by General 
Electric Co. engineers. 

The simulator graphically demonstrates to the inspector 
the qualitative and quantitative effects of an internal de- 
fect in a rotor as well as its size and shape. A disc of 
transparent plastic material was machined hollow and 
filled with glycerine to represent that particular section 
of a steel rotor forging “seen” by a testing crystal at any 
given instance of an ultrasonic inspection. 

Circle 3N on Readers’ Service Card 


Automatic Equipment Streamlines 
Old-Fashioned Pyrogen Testing 


Modern automatic electronic equipment has been devel- 
oped to replace time-worn manual procedures in testing 
drug products for fever-producing pyrogens. Pyrogens are 
fever-creating substances, derived from living things while 
free of living bacteria themselves. 

The new device climaxes two years of designing, engineer- 
ing and testing by Fielden Instrument Division of Robert- 
shaw-Fulton Controls Co. and Winthrop Laboratories, a 
pharmaceutical manufacturer. 

The new device climaxes two years of designing, engineer- 
N. Y. pharmaceutical concern with automatic and continual 
recording of body temperatures of 24 rabbits at one time. 
The mass recordings are made on a single circular chart, 
12-inches in diameter. 


Circle 4N on Readers’ Service Card 





BALDWIN-LIMA-HAMILTON Corp. opened this new $3- 
million plant at Waltham, Mass. last month to house its 
entire Electronics and Instrumentation Division under one 
roof. The component operations of this division, which will 
manufacture testing instruments, SR-4 strain gages and 
testing systems, testing machines and applied equipment, 
previously functioned as Ruge deForest, Inc., O. S. Peters 
Co., Sonntag Scientific Corp., and the Testing Equipment 
Dept. of the Eddystone Division of Baldwin-Lima-Hamil- 
ton. The companies, purchased by B-L-H, were con- 
solidated last year into the Electronics and Instrumenta- 
tion Division. 
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INDUSTRY 


PERSONALITIES 








Dr. William Ulrich 


Beckman Instruments 


Joseph Foster 
Brush Electronics 


The appointment of Joseph Foster 
as manager of Brush Electronics 
Company’s market research depart- 
ment has been announced by C. B. 
Hoffman, vice president in charge of 
sales. Brush is a division of Clevite 
Corp. Foster was formerly with Har- 
ris-Seybold Co. 


x * * 


Dr. William Ulrich has joined the 
application engineering staff of the 
Scientific Instruments Division of 
Beckman Instruments, Inc. He will 
work on both scientific and process in- 
strumentation. 


William F. Mayer 


Measurements Corp. 


G. R. Mezger 


Measurements Corp. 


William F. Mayer and G. R. Mez- 
ger have been elected vice presidents 
of Measurements Corp., a wholly- 
owned subsidiary of Thomas Edison, 
Inc., according to announcements by 
H. W. Houck, president. 


* & @* 


Leigh Clayton has been named 
European area engineer for Logistics 
Research, manufacturers of ALWAC 
electronic digital computers and data 
processing systems. 


S.%.-® 


Appointment of Joseph A. Geisler 
as assistant factory manager of Auto- 
netics, a division of North American 
Aviation, Inc., has been announced. 
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Kearfott Co., Inc., a subsidiary of 
General Precision Equipment Corp., 
announced the resignation of John R. 
Harkness and the appointment of 
Charles H. Berry as general manager 
of its Western Division. 


x we 


W. Richison Schofield, a vice presi- 
dent of Leeds & Northrup Co., recent- 
ly celebrated his 40th anniversary of 
employment with the Philadelphia in- 
strument firm. 


John M. Magida 


Davies Laboratories 


Oo. B. Wilson 


Minneapolis-Honeywell 


Henry F. Dever, president of Brown 
Instruments Division of Minneapolis- 
Honeywell Regulator Co. announced 
the appointment of O. B. Wilson as 
vice president. Wilson will also con- 
tinue in his post as general sales 
manager for the division. 


x *k * 


Appointment of John M. Magida as 
director of systems and application 
engineering at Davies Laboratories, 
Inc., has been announced. He was 
with the Air Force flight test center 
at Edwards Air Force Base. 


Bue 


Erling J. Bligard 
MB Mfg. Co. 


John A. Gunnarson 
MB Mfg. Co. 


John A. Gunnarson and Erling J. 
Bligard have been appointed factory 
managers at MB Manufacturing Co., 
Division of Textron, Inc. Gunnarson 
will head manufacturing of test 
equipment and Bligard will supervise 
contract machining operations. 


L. F. Carpenter, Jr. 


Cramer Controls Corp. 


A. L. Munzig, 


Epsco, Ine, 


Leland F. Carpenter has 
named sales manager for 
Controls Corp., manufacturers | 
electro-mechanical time controls 
industrial and military applicati 
Firm was formerly called The R, 
Cramer Co., Inc. 4 


x Re 


Arthur L. Munzig, Jr., has been a 
pointed sales manager of Epsco, 
manufacturers of data reduction 
tems and computer components, 
cording to an announcement 
Epsco’s president, Bernard M. 


George Elliott 
Dale Products 


Domenic A. DiTirro 
Valvair Corp. 


Domenic A. DiTirro has been n 
manager of research and developm 
at Valvair Corp. He will direct 1 
product design, development and 
ing and supervise activities at 
firm’s new research and developme 
department. 


2 & & 


Dale Products, Inc., manufacturem 
of precision resistors and electrom 
components, named George Elliott 
vice president and general manager 
its rew Burbank, Calif. plant. 


x = 2 


Appointment of Holly B. Dickin 
as assistant to the president, Console 
dated Electrodynamics Corp., was 
nounced last month by Hugh F. 
vin, president. 
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